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Abstract 
ABSTRACT 
Wastewater reuse has a positive and negalive environmental impacts and 
possibly it can have an important role to play in water resources 
management, as a substituent for freshwater in irrigation. However, the 
presence of the toxic heavy metals in domeslic sewage and in industrial 
effluents discharge to sewers, wastewater can creale unacceptable health 
and environmental risks. Therefore, the present work includes the 
determination of the toxic heavy metals in some treated wastewater 
samples collected from Abu-Dhabi area using polarographic and 
voltammelric lechniques. Differenlial pulse polarography and anodic 
stripping voltammetry are well established techniques for trace 
determination of heavy metals content of environmenlal water samples. 
The most important regions of application of polarography and 
voltammetry in chemical analysis today are the lrace determination of 
metal ions particularly in environment analysis e.g. water analysis. The 
main rival to voltammetric methods for trace metal determination is 
atomic spectroscopy. With a limit of detection about 5x10-s and 1x10-s 
mol/L for DC- and sampled DC-polarography, respectively. These two 
polarographic methods are similar in sensitivity to atomic absorption 
spectroscopy using flames. Differential and normal pulse polarography 
(DPP and NPP) have limits of detection in the range of 10-7 - 10-6 mol/L 
which is similar to the flame less atomic absorption spectroscopic methods 
such as graphite furnace and graphite rod techniques. Stripping 
voltammetric methods with limits of detection, which can reach as low as 
til 
10-10 mol! L can be more sensili e than atomic spectroscopic methods. 
Moreover the mOSl imporlant ad vanlage of the vollammetric techniques 
over the alomic speclroscopic lechniques is the ability of lhe voltammetric 
techniques to differentiale between the different oxidation states of the 
metat and hence give environmentally more relevant information. 
The sensitivity of any analytical technique can be greatly increased by 
inlroducing a preliminary preconcentralion slep, e.g. sol vent extraction. 
In stripping voltammetry an electrochemical preconcentration technique 
is used. The analyte is concentrated, from very dilute solutions, by 
electrolysis to an insoluble product (metal atoms in case of anodic 
stripping voltammetry) which collects at the electrode surface and can be 
subsequently determined with a very great sensitivity (anodic oxidation 
step). 
+ - n ne + M 1 so . 
Preconcen tra tion 
q Anodic oxid a tiOl1 
Mclcctrodc (1) 
The preconcentralion or deposition step consists of the controlled 
electrodeposition, at a fixed potential of the species of interest onto a 
stationary electrode. This is followed by the determination step which 
consists of electrolytically oxidation of the deposited species back into 
solution (equation 1). 
In the present investigation the differential pulse polarographic (DPP) and 
the differential pulse - anodic stripping voltammetric (DP-ASV) methods 
were applied for trace determination of heavy metals in the treated 
r i i) 
wastewater (TWW) samples collecled from Zakher plant and EI-Mafraq 
plant al AI-Ain and Abu-Dhabi cilies, respeclively. 
The preliminary check of lhe our investigated samples of TWW samples 
using Opp and OP-ASV indicates lhat the samples conlain Zn(1I) at 2-3xl0-
6 mol/L, CuOI) 2-3xlO-7 mol/L, lxlO-7 moi/L Pb(II) and Ix 10-7 mol/L Cd(II). 
Therefore a synlhetic solulion mixlure conlains 2.5x I0-6 mol/L Zn(11), 
2.Sx10-7 mol/L Cu(lI) and lx10-7 mol/L of Pb(lI) and Cd(II) was prepared. 
The mixlure was subjecled to full analysis using OPP and Dr-ASP under 
the selecled optimum conditions of determination. The results of analysis 
indicate thal the OPP technique was suitable for Zn(1I) determination only, 
whereas all of the metal ions are delermined with higher degree of 
recovery using OP-ASV. The degree of recoveries of the four metal ions 
analyzed by OP-ASV were in range of 97-106%. These values were 
calculated by application of slandard addition melhod using spiking 
procedures of the synthetic solution mixture wilh standard metal ion 
solutions. 
OPP and OP-ASV melhods were applied for trace determination of heavy 
metal ions, e.g. Zn(II), Cu(II), Pb(II) and Cd(II) in some TWW samples 
collected from AI-Ain and Abu-Dhabi TWW plants. Sample I and sample 
II are collected at May 1996 and November 1996, respectively. The samples 
under invesligation are filtrated, acidified lo about pH 3 and slored in 
pol yeth y lene bottles. 
[ ii i  J 
The investigated samples were pre-treated using UV-irradiation for about 
6-8 hours with low pressure UV-mercury lamp. Interferences of organic 
compounds and humic acid with heavy metal ions determination using 
DPP and DP-ASV were elimina ted. It should be mentioned that UV­
irradiation leads to photolytic decomposition of the organic compounds 
and humic acids. 
A preconcentration procedure with two step extraction was proposed to be 
used in conjuction with DPP and DP-ASV for the determination of trace 
metals in the col lected samples.  The two s tep extraction involved 
extraction of the trace metals from the TWW samples with d iethyl 
di thiocarbamate into chloroform followed by back extraction with a Pd(l I) 
solu tion a t  p H  3.5 as previously reported .  The a queous sol ution 
containing simply the enriched metal ions and non-reacted Pd(II)  was 
analyzed by DP-ASV at a mercury electrode surface. Anodic stripping 
voltamrnetry of the metals including Zn, Cu, Pb and Cd was conducted in 
the preconcentrated solution after adding of 0.025 M KCl.  
DPP and DP-ASV were appl ied for analysis of both post-irradiated and 
preconcen trated samples under selected optimum sol ution (pH, KCl 
concentration) and operational conditions (drop time, scan rate and pulse 
ampli tude for DPP, preconcentration-potential, preconcentration-time and 
scan rate for DP-ASV) . 
The results of analysis of samples I and I I  from AI-Ain and Abu-Dhabi 
treated wastewater plants reveal that the concentration level of Zn(II) was 
[iv] 
in the range of 0.11 - 0.16 ppm Cmg/ L) which is rela tively higher than of 
the other metal ions. This fact can be explained by the higher tendency of 
Zn metal for dissolu tion in aqueous media compared to other metals and 
most of food cans were manufactured from Zn alloy.  Moreover, the pipes 
which transfer the sewage to the plants probably were Zn-alloy made. The 
concen tra tion level of the other metal ions are in the range of 0.02-0.025 
ppm, 0.015-0.02 ppm and 0.008-0.010 ppm for eu(I I), Pb( I I) and ed(II),  
respectively .  
The preconcentration o f  such heavy metal ions in soil a n d  consequently 
in plant tissue leads to conclude that using of the treated wastewater for 
irriga tion of the food plants is unacceptable and could be used for 
ornamental  p l a n ts. It is emphasized tha t  the guideline va l ues 
recommended are not mandatory l imits.  Such l imits should be set by 
n ational au thorities, using a risk-benefit approach and taking into 
consi dera t ion local environmental ,  social,  economic and cultural  
condi tions. 
[v] 
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CHAPTER I 
Introduction 
1 .1. Major aspects of wastewater reuse 
1.1.1. Introduction: 
Reutilization of the water has been occurring for many centuries along 
the major rivers of the world where human settlements and large 
industries as well as agricultural activities take water from rivers. 
Rapid population, industrial, and agricultural growth cause the 
demand for the water in the arid and semi-arid regions to be 
continually on increase (Al-Layla, 1996). 
There are two extremes of the use of wastewater for irrigation. One is 
the use of untreated wastewater as practiced in some countries. The 
second is the very stringent standards that necessitate an expensive 
tertiary treatment. The economical justification of wastewater reuse 
schemes should take into consideration the overall treatment costs, the 
environmental and health allowances, i.e. the cost of treatment 
required even when reuse is not practiced, the benefits of water and the 
saving in conveyance and pumping (AI-Layla, 1996). Advances in 
wastewater treatment technology allow the safe use of effluent for any 
required purpose when reasonable precautions are taken (Shuval, 
1986). 
Wastewater from urban areas can pose a serious threat to the 
environment of developed as well as developing countries (Shelef, 
1991). Drinking water, whether it is from surface or groundwater 
sources, may become contaminated by pathogenic microorganisms and 
toxic substances. The improper disposal of wastewater may pollute 
ri vers, lakes, recreational fishing areas, and along coastal shores 
[ 1 ]  
(Gunnerson, 1985). In the arid and semiarid countries of the world , 
wa ter is rather scarce, therefore each avai lable drop of water must be 
carefu l ly  used and managed in a sa fe and economical ly feasible 
manner.  Several purposes will be accomplished if wastewater is 
treated safely and managed properly. 
1.1.2. Environmental impact: 
Wastewater reuse has a posi t ive and negative impacts on the 
environment. The positive effect of the reuse on the environment are: 
0) Recla i m ing m unicipal  wastewa ter for agricul tural  reuse is 
increasingly recognized as an essential  management strategy in areas of 
the world .  (ii) Wastewater improves the environment as i t  reduces the 
amoun t of waste discharged into water receiving bodies and i t  
conserves water resources by decreasing the demand o f  fresh water 
(Khouri, 1994). (iii) Irrigation with appropriately treated wastewater has 
been used to reduce desertification and grow greenbel ts. ( iv) Scarcity 
and i ncreasing price of t imber in the developing coun tries, used 
mainly for cooking and heating and (v) Wastewater is further treated 
through i ts use in irrigation due to the fact that the amount of organic 
and chemical contaminants entering surface water and groundwater 
are absorbed by the crops as nutrients and prevented from mixing with 
the runoff or groundwater ( Khouri, 1994). Trace elements are also 
fil tered by the soil .  This phenomena is accomplished with minimum 
of technical input and with l i ttle (or no) harmful side effects (Khouri, 
1994). 
The negative impacts of the reuse of wastewater on environment are: 
0) Disinfection of water by chlorina tion, causes the formation of 
trihalomethanes as a resul t of chemical reaction between chlorine and 
humic compounds in wastewater (Khouri, 1 994) . The most abundant 
of these tr ihalomethanes is chloroform which is carcinogenic .  
( i i )  Groundwater contamination by nitrate accumulation is a serious 
problem in many coun tries which migh t resul t  from the use of 
wastewater in i rrigation and from the application of sewage sludge to 
land. The risk of such contamination of groundwater by wastewater 
irrigation depends on local conditions and the rate of application . 
Good understanding of the geological formation of the irrigated area 
and proper management of the irrigation will reduce the possibility of 
such contamination. 
1.1.3. Sociocultural aspects: 
Social  and behaviour factors are of fundamental importance to health 
consi derations in human waste u ti l ization (Ali, 1 987) . The human 
beha viour is considered as the main factor in d isease transmission 
from infected excreta. The risk behaviours are also controlled by deep­
rooted cul tural factors which differ from society to society. The social 
acceptabi l i ty of human waste ut i l ization technologies may a lso 
seriously be infl uenced by their successful implementation (Haddin, 
1 988) . 
1.1.4. Economical aspects: 
The control of pol lution is becoming stricter al l  around the world. 
Standards, guidelines and regulations require the contaminants to be 
kept out of systems whenever is possible. To achieve this goal, the 
number of wastewa ter treatment plants are increasing to treat the 
wastewater to certain acceptable levels. Reclamation of water to satisfy 
the i ncrease in water demands depends upon the availability, reliability 
and cost of development of ground and surface sources of water. 
Wastewater col lection is the most expensive part of sewerage plant 
(sewers, pumping stations and treatment plants) (Report, 1989). The 
cost of the wastewater treatment and disposal required to meet 
environmental protection requ iremen ts (WHO, 1989). The charged 
cost of a reuse project is the cost of any extra treatment that would not 
have been required for pollution control purposes. Sometimes, the 
quality of the effluent reuse in irrigation requires inferior quality so, 
the reduction in treatment cost would then be a benefit of the reuse 
project. 
The economical benefits of the reuse of wastewater in irrigation also 
include the value of agricultural crops, job opportuni ties, the saving in 
the high cost of chemical ferti l izers. Therefore, wastewater can partly or 
even ful ly  replace chemical fertilizers, and environmental poll ution 
damage can be avoided. 
[4] 
1.1.5. Health assessment: 
The potential health hazards are in proportion to the degree of human 
contact with the water, the quality of the effluent, and rel iability of 
treatment processes for irriga tion purposes (Bartone, 1 987) . The 
contaminants in reclaimed water that  are of heal th significance may be 
cl assified as biological and chemical pollutants .  The biological 
contaminants pose the grea test health risks, and quality control 
measures are directed at these pollutan ts. The chemical consti tuents 
( toxic heavy metals, pesticides and other organic contaminants) may 
cause long-term heal th effects. 
Chemical Pol lutants :  Wherever the industrial wastewater is  allowed 
to be discharged into the municipal sewerage system, the municipal 
wastewater will contain chemical pollutants. These pollu tants can be a 
variety of heavy metals and their compounds, pesticides, non 
degradable organics, e tc. The chemical constituents are major concern 
when the reclaimed water is used in the recharge of groundwaters for 
indirect potable reuse (Loehr, 1 985). 
Biological  Pol lutants :  The principal infectious agents that may be 
present in wastewater can be classified into three broad groups: virus, 
bacteria and parasi tes (protozoa and helminths). 
[5] 
1 .2. Determination of cadmium, copper, lead and zinc metal ions in 
environmental samples 
A su rvey of the l i tera ture reveals that  heavy metal ions e.g.  lead, 
cadmium, copper and zinc are determined in different media as well as 
in environmental and biological samples using various spectrometric 
techni ques (Mol  a n d  Adams, 1 984) . U l traviolet  and v isible 
spectrophotometry have been widely appl ied for determination of 
many metal  ions in the form of complexed compounds. Trace 
determinat ion of heavy meta l  ions i n  various biological and 
environmen tal  samples is also reported using a tomic absorption 
spectrometry. However, there are two disadvantages in using these 
techniques. First, the detection l imit is limited to about 10-1 �M due to 
ion interference. Second, these tools have limited applications due to 
ma trix  in terference.  Moreover, these techn iques h ave l imi ted 
applications in few environmental and biological samples owing to 
matrix effect. 
Di fferen t i a l  pulse pola rographic  (DPP) and anod i c  s tripping 
voltammetric (DP-ASV) techniques are extensi vely employed for the 
determination of heavy metal ions. The most advantages of these 
techniques is the simultaneous determination of some of heavy metal 
ions, which have sufficiently separate reduction potentials ego Zn2 +, 
C d 2+ ,  Cu2 + and Hg2+ (Dubey and Puri, 1 995). On one hand, these 
techniques are sensi t ive and the detection l imits for metal  ions 
determination are lowered to the range of nM, in the differential pulse 
anodic stripping voltammetry. 
[6] 
Evalual ion of precision and accuracy in the trace analysis of heavy 
metal ions in biological samples using reference materials and 
electroanalytical techniques were fully reviewed by Stegen et al., 1 996. 
The reliable determination of trace heavy metals in biological samples 
was a difficult task, inspite of the sufficient precision of modern trace 
analytical methods. I t  was shown that electr oanalytical techniques such 
as O PP (differential pulse polarography), DPASV (differential pulse 
anodic stripping vol tammetry), SWAY (Square wave anodic stripping 
vol tammetry) and PSA (potentiometry s tripping analysis) are very 
sui table with respect to the costs, sensi tivity and time analysis for 
reliable determina tion of several heavy metal ions i n  biological 
samples . These methods also helps in minimizing the systematic error 
during the whole course of analysis including sample preparation. 
The determination of traces of Zn2+, Pb2+ and Cu2+ in rum samples by 
ASV wi thout previous treatment or addition of supporting electrolyte 
using hanging mercury drop electrode (HMOE) was studied (Barberia 
and Strdiotto, 1 997) .  The reliability of the method was tested by 
comparing the resul ts with those given by absorption spectrometry. 
The method allowed heavy metal ions to be determined in the J.1g L-l 
concentration range. An interesting and rapid method for copper, 
cadmium and lead determination directly in sea- water was presented 
by Sanchez et al., 1 996. The procedure used adsorptive cathodic 
stripping voltammetry of these metal ions in presence of 8-quinolinol 
(oxime) a t  rapid poten tial scan (> 1 Vs-l ) .  The reproducibility and 
accuracy of the method were calculated in reference to open oceanic 
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wa ters . A pplica tions of t he method to d e termine copper, lead and 
cad mium in an oceanic profile was also reported .  
The voltammetric d etermination o f  heavy metals in intersti tial water 
from Baltic sea sediments has also been described CGolimowski and 
Szczepanska, 1996). Cu2+, Pb2+, Zn2+ and Cd2+ were determined in the 
UV-digested samples of interstitial water by differential pulse anodic 
stripping voltammetry while N i2 + was determined by adsorp tive 
voltammetry. The profiles of the metal concentration in interstitial 
water of subsequent layers of sediments in large number of samples 
were discussed. 
The simultaneous vol tammetric determination of Zn, Cd, Pb and eu 
by DPASV, and Ni  by differential pulse adsorptive voltammetry using 
hanging mercury drop electrode, and Hg by DPASV using gold 
electrode were described CGiroussi and others, 1996). The formation of 
the A l  (OH}J in terfered w ith the N i  determina tion, however this 
interference was easily overcome by addition of sodium ci trate that 
complex Al  and renders it soluble in alkaline solutions. The method is 
precise and simple with relative standard derivation less than 3% at 
concentration level of 0. 1 Il g g-l . 
The use of solvent  extraction vol tammetry and reactive electrode 
consisting of graphite, a solid ion exchanger and paraffin for the batch 
analysis of Cd2+, Cu2+, Pb2+ and Hg2+ in aqueous samples and as a 
passive monitor for these metal ions were described « Labuda and 
Vanickova, 1996 and Helms and Scholz, 1996). The metal ions were 
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accumulated on the modified electrode surface at open circuit potential 
in an ion exchange reaction . After the accumula tion, the ion 
exchanger-bonded metal ions were reduced to the metals which 
remain on the electrode surface. The metals were then anodically 
dissolved and recorded by differential pulse vol tarnrnetry. 
A simple operative procedure was described for speciation of heavy 
metal ions (Pb, Cu, Ni and Cd) in landfilli eachates (Majone et al. ,  1 996) . 
The procedure was based upon the kinetics of metal ions removal from 
the l iquid phase by a cation-chelating resin in ba tch tes ts . This 
procedure was fol lowed by anodic stripping vol tammetry for the 
determina tion of metal ions in spiked samples in the concentration 
range mg/L level metal ion concentrations. The analysis of the heavy 
metal ions content of human gallstones extracted surgically from 
patients was also carried out by ASV. The stones were analyzed for 
lead, copper, and zinc. Copper was found to be present in relatively 
high concentrations ( Bouropoules et al. ,  1 996) . DPASV technique had 
been appl ied for simultaneous determination of zinc, cadmium, lead 
and copper in urine of steel production workers (Horng, 1 996). 
A h anging mercury drop electrodeC H MDE) was used for the 
determination of heavy metal ions (Zn, Pb and Cu) in sugar cane spirit 
from different sources. The measurements were made directly on the 
samples without previous treatment and in absence of supporting 
electrolyte. The detection limits of the different metal ions were in the 
range of j..l g /L concentration (Barberi a et al., 1 995). 
[9] 
The adsorption of heavy metal complexes with 8-hydroxyquinoline at 
the H MDE was used for trace determination of Cd and Pb in the Row 
injection system using adsorptive stripping vol tammetric detection. 
1 nM and 5 nM detection l imits were reported for Cd and Pb, 
respecti vel y. (Strozik et al., 1 995) . The results of determination of 
heavy metal ions in  acidic extracts of sludges from biological waste 
water treatment and soils were presented (Vanickova et al., 1 994) . A 
DP ASV technique was appl ied for the determination of heavy metals 
using nafin-created mercury fi lm electrode. This modified electrode 
e l i m i n a tes the i n terferen ce from surfactants up to 1 00 ppm 
concentra tion . 
DPP and DP ASV were used with the HMDE for determination of Pb, 
Cd and Cu directly in dissolved honey samples (Li et al. ,  1995). Lead 
alone was only determined by modifying the electrode first with Triton 
x 1 00.  Th e interference encountered was less so that Cu and Cd can also 
be determined. A good agreement was obtained between the values 
found and those obtained after high pressure digestion of the samples. 
The morphol ine-4-carbodithioa tes complexes of Pb and Cd in same 
b i o l o g i c a l  a n d  e n v i ro n m e n t a l  s a m p l es were observed on 
microcrys talline naphthalene. The metal complexes were desorbed 
using 1 M  HCI and determined with DPP. These metal ions were 
quant i ta t i  vely a dsorbed on morphol ine-4-di thiocarbanates, e thyl­
tr imeth yl a m monium bromide naphthalene a dsorbed packed i n  
column, a n d  determined simultaneously. The detection limits were 
0. 1 4  ppm for Pb and 0.014 ppm for Cd at signal/ noise = 2 (Dubey et al., 
10 
1 995) . The determination of Cd, Cu and Pb in animal tissues were 
presen ted (Qinggo a n d  Ba t ley, 1 995) .  Compa rison of the 
electrochemical data obtained with a new polarographic system and 
atomic spect roscopy was included. Moreover, the polarographic results 
obtained for biological ma terials, e .g . ,  Bovine l iver were in good 
agreement with the certified values for Cd and Pb. 
Highly sensi tive procedures were presented for the determination of 
sub-nanomolar concentration of total dissolved lead and labile lead in 
sea water by adsorptive stripping vol tammetry using xylenol orange 
( XO) . The optimum condi tions for opera tional parameters the 
determination of Pb in sea-water are l x1 0-s M XO, pH 5, Ead -1 .2V and 
Es -0.2V and the detection limit was found down to 6 ng/L (Qingguo 
and Battey, 1 995) . The concentration level of some heavy metal ions 
(Zn, Cu, Fe and Mn) in some plant drugs were determined employing 
differential  pulse polarography a t  the hanging dropping mercury 
electrode (Svicekova and Havranek, 1 995) . A hand-held, battery­
powered electroanalytical  instrument  u ti l izing anodic s tripping 
vol tamme try was designed to determine s i m u l taneousl y the 
concentra tions of Cu2 +,  Pb2+ ,  and Cd2 + in environmental samples 
down to 10 Ilg/ L  (Will iams and Dsilva, 1 994) . 
DPASV has sufficient sensitivity to be used for direct determination of 
heavy metals in Antarctic snow. The resul ts indicate that the Pb 
concentration in Antarctic snow decreased rapidly during 1 980s from 
1 51lg/g to 4 pg/g in 1 991 (Scarponi et al., 1 994). 
£Jl1, _______ _ 
A method for lead analysis in blood was developed based on square 
wave using a carbon disk microelectrode. The results of analysis were 
in a good agreement with blood lead values obtained from graphi te 
furnace atomic absorption spectrometry (Feldman et al., 1 994). Also, 
DPP was applied for Pb determina tion in  blood, urine and hair 
samples . The reliabil ity of the method was evaluated using relative 
s tandard devia t ion (2 .34- 1 1 . 93 % )  and recovery (7 .28- 1 03 .92%) 
measurements (Ruiz and Pedero, 1 994) . 
The determina tion of metals using DPASV, in  sea water, sediments 
and muscles in  the Gore Bay located at the mouth of PO River in the 
province of Ferrara ( Italy) were cri tically reported (Fagioli and others, 
1 994). The investigation of the physicochemical  state of cadmium in 
surface water in  the Ukraine was also reported employing DPASV 
(Linnik and Iskra, 1 994) . The detection l imit of Cd was found to be 
1 .2x1 0-1O M and the proposed method was developed to investigate the 
ratio between toxic and nontoxic forms of Cd in the Dnieper reservoirs. 
Determination of lead in water was studied using DPP after being 
concentrated by the rapid technique with indium hydroxide (Kagaya et 
al., 1 994). 
The polarographic and vol tammetric techniques are commonly used 
for the comparati ve assessment of water qual i ty with respect to the 
heavy metal ions (Osyka et al., 1 994) . The content of Zn, Cd, Pb and 
Cu in three w ines with different aging period has been determined 
using DP ASV at the mercury electrode surface. It was found zinc was 
the cation with the greatest total content (Arcos et al., 1 993) . 
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A vol tammetric method has been developed for the determination of 
toxic heavy metals in domestic waste (Golimowski and Tykarska, 1994) . 
A novel method was proposed for the UV mineral isa tion of water 
extracl s  obtained d uring leaching of waste and compost samples. 
Copper, lead, zinc and cadmium were determined in wet-digested 
samples of domestic waste by DPASV. Nickel and cobal t  were 
determined by adsorptive SV. The method was appl ied for the 
determina tion of five metals in fraction of domestic waste and in 
sewage sludge. Investigation of the mobi l ization of metals from waste 
and compost during the leaching test was also considered 
Ligand competi tion coupled with DPASV has been used for the 
determination of Cu, Pb and Cd. Ethylenediamine displaces humic 
acid in i ts metal complexes. I t  also eliminates interference associated 
w i th the oxidation of copper. This enhance the sensitivity of the 
determinat ion of the metals over a wide range of humic acid, 
concen tration up to 30 mg/ I .  The procedure has been applied to 
determination of heavy metals in real water samples (Labuda et al. , 
1 994) . Additionally, the application of in-situ vol tammetric probes for 
direct measurements of heavy metals in natural water was presented 
(Tercier and Buffle, 1993). 
Boussemart  et al. , 1 993 reported the appl ication of DPASV for the 
analysis of Zn, Cd, Pb, Ni and Co from Spanish rivers. The DPASV Cu 
peak in na tural water was mainly due to the presence of certain type of 
organic compounds in water. Modified operational and experimental 
conditions were not successful in overcoming this multiple peaks of 
[13] 
Cu phenomenon. The appearance of such extra peaks would originate 
from the oxidation of organic copper species (most l ikely as Cu I) 
adsorbed and stabilized on the mercury drop electrode. (Boussemart et 
al., 1993) . The application of modified carbon paste electrode for the 
determination of lead and Cadmium in natural and drinking waters by 
DPASV was reported (Ra mos et al., 1 993) . The bes t  condi tions for 
preconcen tra tion of metals a t  the modified electrode system were 
found to be pH 5.0 and 0. 1 ionic strength at open circui t  potential. The 
supporting electrolyte for the voltammetric measurements was acetate 
buffer (pH 5.0) and 0.7 ionic strength. 
A sui table method for the determination of heavy metal ions in 
petrochemical  sludges was investigated . The content of Cu, Cd, Pb, Zn 
and N i  in the sludge of three mechanical, chemical, biological sewage 
disposal plants was determined (Kalavska and Kalavsky, 1 993) . 
The applications of immobilized quinoline 8-01 silica gel and stripping 
voI tammetry for t he determ inat ion of copper, lead,  cadmium, 
bismuth, indium and zinc in sea water were developed by Daih and 
Huang, 1 992. The feasibi l i ty of the developed procedures were 
confirmed by the analysis of a near-shore sea-wa ter sample and 
reference sea water. A fully automated flow s tripping potentiometry 
procedure for the determination of traces of cadmium(II),  copper(II), 
lead( I I) and zinc(II) in sea-water was described w i th the flow cel l 
consisting of a carbon fibber electrode and a silver chloride-lined silver 
tube as reference and counter electrode, respectively (Betti et al., 1 992). 
In routine analysis of Cu, Cd, Pb, Zn, TI, Mn determination and some 
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other metals  in common wa ter samp les, the anodic  s tripping 
voltammetry was fou nd to be as sui table as a tomic absorption 
spectroscopy. The electrochemical  methods were more suitable for 
ground, drinking and tap waters, where the concentration of free and 
total metals are not very different (Kalavska, 1992). 
A comparison of phase-selective fundamen ta l harmonic  a . c. anodic 
stripping vol tammetry and DP-ASV for the determination of Pb, Cd, 
Cu and Zn in sea-water was reported (Locatell i  et al., 1992) . DP-ASV 
was found to be slightly more sensitive than the a .c. technique, but the 
effect  of the charging curren t was found to be more effectively 
elimina ted by the lat ter in the determination of zinc(II) and copper(II) .  
The detection l imits for both techniques were found in the range 
1 0-1 0_ 1 0-8 M for al l  four elements . The precision expressed as relative 
standard deviation, was of the order of 2-5% for the harmonic a .c. 
method and 5-8% for differential pulse voltammetry. 
Trace element speciation techniques were reviewed by Florence and 
others, 1 992. A simple a nodic  stripping vol tammetric method was 
recommended for the measurement of dissolved metal ions that can be 
deposited into a mercury electrode a t  natural pH of the sample. A 
rapid ion exchange method, suitable for field use, was proposed for the 
determination of the toxic fraction of copper in waters. Metal-humic 
complexes are typical and important species because humic and fulvic 
acids dominate naturally occurring organic matter in fresh water. 
Typical preconcentration techniques for characterizing aquatic humic 
substances were reviewed briefly (Hiraide, 1992) . An expert system for 
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the voltammetric determinat ion of Cu, Zn, Cd, Pb and In  was 
de I ped by Esteban et ai, 1992 . The system guides the user in the 
choice of sample t rea tment, the most appropriate voltammetric 
procedur and the identification and determination of the trace metals. 
The t chniques implemen ted are differen tial pulse polarography and 
a n o d i c  s t r i p p i n g  vol t a m me try a t  mercury d rop elec trodes.  
Quan tificat ion was carried ou t by means of the mul tiple s tandard 
add i tion me thod and the calibration graph (Esteban et al., 1992) . 
Simul taneous determina tion of copper, cadmium, lea d and zinc in 
O.OSM nitric acid and 0.1 M citric acid mixture was carried out by DP­
ASV or DPP. Manganese, nickel and cobalt were also determined in 
ammonia / ammonium acetate buffer at pH 9.1 by differen tial pulse 
anodic stripping vol ta mme try (Buldini  et al., 199 1 ) .  Titanium and 
relevant iron concentrations were determined by pulse polarography 
in 0.2M oxalic acid in the presence of 0 . 1 M  potassium chlorate (Buldini 
et al., 1 991 ) .  
A simple and rapid method for the simul taneous determination of 
Cu(II)  and Fe(I I I )  in biological and river water samples was developed 
by (Nagaosa et al., 199 1 ) .  The method uti lizes the extraction of metal­
N-phenylbenzohydroxamic acid complexes into ethyl acetate, followed 
by direct determination by differential pulse polarography (DPP) in the 
organic medium. Two wel l defined DPP peaks were appeared at -0. 17  
and -O.S9V vs .  Ag-AgCl reference electrode for Cu(I I )  and Fe( I I I) ,  
respectively .  Both the extraction and oxygen-removal steps in the 
analytical scheme can be performed by passing nitrogen through the 
two phases. This feature enhances the time efficiency and simplifies 
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the method of sol vent extraction with polarographic detection . 
Detection l imi ts (Singal to noise ratio = 3) are 20 ng/ ml for eu(II) and 
1 0  ng/ml  for Fe(I I !) in the original aqueous phase. The peak heights of 
both DPP are directly proportional to metal concentrations in the 
aqueous phase up to 1 0  ng/ml .  The system is developed and optimized 
for simpl ified, rapid sample processing ei ther linear scan or differential 
pulse wave forms. The advantages of the system include improved 
efficiency of sample preconcentration during the accumulation step, 
minimal  sample pre trea tment, simpl i fied opera t ion and sample 
deoxygenation . Minimum detection limits were less than 5 ng/ L  for all  
trace metals with precession better than 7% (Romanus et ai .,  1991 ) .  
A series o f  a l kylene bisdithiocarbamates were used a s  excel lent 
chelating agents for heavy metal ions in aqueous solution (Lee and Lo, 
1994) . Mos t  of heavy metal cations were quanti tatively recovered from 
aqueous media within 4-8 pH range using solvent extraction technique. 
The detection l imits were found to be in the range of 3-90 ng/ l .  
Therefore, these compounds was appl ied for preconcentrat ions of 
many heavy metal ions in environmental aquatic samples (Pai-Hsieh 
and Liu, 1993) . Also, the di thiocarbamate extraction and Au(III)  back 
extraction for the determina tion of heavy metals in w a ter and 
biological samples was investigated by ASV. The excess Au(III) in the 
preconcentration of heavy metals sol u tions was used in situ as the 
source of generating the gold film of the working electrode in DP ASV 
technique (Lee and Lo, 1 994). The preconcen-tration process using 
solvent extraction technique was developed for the determination of 
lead and cadmium in sea-water (Khalid and others, 1996) . 
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A preconcentration procedure with two step extraction was proposed in 
conjunction with DPASV for the determination of trace metal in sea­
water. The two extraction steps extraction involved preconcentration 
of metals from sea-water with dithiocarbamate into CHC13 followed by 
back extraction with Hg(II) sol ution at pH 3.5 was reported (Lee and Lo, 
1994). The aqueous solution containing the enriched metals and the 
non-reacted Hg(I I) was analysed by DP ASV at glassy carbon electrode. 
The detection limits 0.004 Ilg/l,  0.003 Ilg/ l, and 0.002 Ilg/ 1  were achieved 
for Zn(II), Cu(II), Pb(II) and Cd(I I), respectively (Lee and Lo, 1994) .  
Determination of heavy metals in sea-water using DP-ASV techniques 
a t  various working electrodes were intensively studied (Lund, 1975, 
1976) . The preconcentration of metals at the surface of the working 
electrode was fol lowed by anodic oxida tion of the deposited metals by 
positive scan of potential .  The optimum conditions for determination 
were investigated for direct measurements and after pretreatment of 
sea-water to el iminate the interference of the organic compounds 
(Gillain, 1979; Bately, 1 981 and Turner, 1 984) .  
The effectiveness of UV irradiation on the decomposi tion of organic 
compounds in aqueous solu tion, as pretreatment for the vol tammetric 
determination of t race metals, was reported (Yoksi et al. , 1995) . The 
photolytic decomposition was found faster a t  greater UV light intensity 
a t  short wavelengths. A 90 min irradiat ion was found enough to 
eliminate the interference of humic acid and organic compounds on 
the voltammetric determina tion of metals in some environmental 
wa ter sam pIes. 
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1 .3. Aim of the work 
Wastewater can have a n  important role to play in water resources 
management, as a substi tute for freshwater in irrigation. Wastewater 
also can contribute to water conservation and take on an economic 
dimension . However, the presence of the toxic heavy metals (Cd, Cr, 
Zn, Hg, Cu, etc .)  in domestic sewage and in industrial effluents 
discharged to sewers, wastewater can create unacceptable heal th and 
en vironmen tal risks. 
D i ffere n t i a l  pu lse polarogra phy (DPP) and anod i c  s tripping 
voltammetry (DP-ASV) are wel l established techniques for trace 
determination of heavy metals in environmental water samples. This 
study focuses on the application of DPP and DP-ASV using mercury 
electrode for monitoring the concentration levels of some heavy metal 
ions e.g, Zn(II), Cu(I1), Pb(I1) and Cd(II) in the treated wastewater in Abu 
Dhabi area . The methods of determination are devo ted to direct 
measurement of concentration levels of the above men tioned heavy 
metal ions after pretreatment of the wastewater samples with UV 
irradiation . A preconcentration procedure with two step extraction is 
proposed to be used i n  conj unction w i th DPP and DP-ASV for 
monitoring the trace concentration level of heavy metals in the treated 
wastewa ter samples. U V  irradiation and extraction techniques are 
m ainly used to eliminate the interferences effect of organic compounds 
present  in the water samples. Monitoring of the concentration levels 
of Zn(I1),  Cu(I1), Pb(II)  and Cd(II) in the wastewater is an interesting goal 
in this s tudy in order to determine the suitability of the wastewater for 
irrigation in agricul ture and i ts environmental impact. 
[19] 
CHAPTER II 
Experimental 
2.1 . Reagents and Materials 
The Treated Waste Water (TWW) samples were collected from the 
main sources at AI-Ain treated waste water station (Zakher station) and 
at Abu Dhabi treated wasle water station (EI-Ma fraq station) . The 
sample (1) was collected at May, 1 996 and the sample (II) was collected at 
November 1 996. The col lected TWW samples were s tored in 5 L 
polyethylene bottle and a few drops of HN03 was added to adjust the 
p H  between 3 and 4. The TWW was filtered through 0.4 �m Millipore 
cen tered glass before use. Some properties of the collected sam pIes are 
l isted in Table 1 .  
Stock solution of 1 x 1 0-2 mol / L  of Zn(H), Cd(n), Pb(II) and Cu(II) were 
prepared from their analytica l  grade ni trate salts (BDH) i n  double 
distilled water. Dilute solu tions of the above solutions were prepared 
by diluting the stock solution with double distilled water to the specific 
v o l u me . 
0.01 mol / L  of RN03 was prepared from the concentrated reagent (BDH) 
and 0 .01  M N aOH solut ion was prepared from the analytical grade 
reagent (Merck) in one l itre. Both solutions were used to adjust the pH 
of the tested solution to the required pH value. 
A syn thetic solu tion mix ture containing l xl 0-6 mol/ L  Zn(II), 1 x 1 0-7 
mol / L  C d(H),  1 x 1 0-7 mol / L  Pb(II)  and 2.5x1 0-7 mol / L  Cu(II) was 
prepared by diluting an appropriate mixed volumes of metal ion stock 
solution to 500 m L  using 0.025 mol / L  KCI solution. Drops of 0.01 
mol / L  HN03 or 0.01 mol / L  NaOH to control the pH of the solution 
m i x ture. 
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0.025 mol / L  KCI solu tion was prepared by dissolving the required 
weight of solid KCI (Merck) in the treated waste water samples. This 
solution was placed in the polarographic or voltammetric cell for direct 
measurement of the concentration level of heavy metals in the 
collected treated waste water samples. Also, the pH's of such solutions 
were adjusted using 0.01 mol / L  HN03 and 0.01 mol / L  NaOH. 
Sod i u m  die thyl d i thiocarbamate [ N a2C S 2( C2 H Sh1 was used as an 
extracting agent and it was analytical reagent grade (Merck) . 1 gram of 
the reagent was dissolved in 1 00 mL of water stirred and shaken twice 
with 1 0  m L  chloroform. The organic phase was discarded removing 
any possible metal impurities present in the reagent. The aqueous 
phase was referred to as the purified extracting agent used i n  
subsequent work. 
A Pd(I I) back extracting solution was obtained by dissolving 0 . 1  gram 
P d ( N 03h in a minimum volume of concentrated nitric acid under 
reflux condit ions and then di luting with water to make the final 
volume 1 L and the final concentration of Pd(II)  1 00 rng / L  has a pH 
value between 3.0 and 4.0. 
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2.2. Instrumentation 
D i ffe rent ia l  pulse polarogra phy (D PP) and anod i c  s tripping 
vol tammetry (ASV) using differential pulse techniques were used for 
determination of the concentration levels of the heavy metals in  
sample under investigation. DPP and ASV-DP measurements were 
carried out using a Princeton Applied Research Corpora tion (PAR) 
Model 264A polarographic and voltammetric analyzer in conjuction 
with a PAR Model 303A mercury stand and PAR 30 S magnetic s tirrer. 
A three electrode polarographic and vol tammetric cell was used for the 
various measuremen ts. The cell contains a d ropping mercury 
electrode (DME) or hanging mercury drop electrode (HMDE) as a 
working electrode, Ag/ AgCI as a reference electrode and a platinum 
w i re as a coun ter electrode ( Fig .  1 ) .  The pol a rograms and 
voltammograms were recorded on X-Y recorder Model RE0089 (PAR) . 
All measurements were performed at 22 ± 0.5 0 .  Nitrogen was bubbled 
through the solution in cel l  for 1 6  min to remove oxygen before 
recording the polarograms and voltammograms. The pH's of the 
various solutions were measured using a digital radiometer pH-meter, 
Model p H M  64 accurate ± 0 .05 pH uni t .  The pH meter was 
standardized with pH 4 and pH 9 standard buffer solution before using. 
A 70 W low pressure mercury lamp (UV 254 nm LHg lamp) Ushio, 
ULl -70 W, 1 5  cm length was used for irradiation of the investigated 
TWW samples. The irradiation process of the TWW sample was a pre­
step before the direct polarographic and voltammetric measurements 
of the concentration levals of the heavy metals in the tested samples. 
[23] 
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Fig. 1 .  The polarographic and voltammetric cell .  
[24 ] 
2.3. Procedures 
2.3.1. Post irradiation of the TWW samples: 
1 00 mL of investigated TWW samples containing 0.05 mol / L  KCI and 
at  pH 3.5 was put in 200 mL beaker at distance 5 cm from the UV-LHg 
lamp for 6 hours under air cooling with fan .  Sample temperature 
during irradiation was 25 ± 1 0c. The post irradiated sample was kept 
i n  a polyethylene bottle before the polarographic and voltammetric 
measurements.  
2.3.2. Preconcentration o f  the heavy metal in the TWW samples using 
extracting agent: 
Pyrex separatory funnel (250 mL) were filled with 1 00 mL of the TWW . 
The solution was adjusted to pH 4.0 by adding 0 .01  mol / L  nitric acid 
a n d  0 . 0 1  mol / L  N aOH.  4 mL of the purified extracting agent 
(diethyldi thiocarbamate) was added. Exactly 50 mL of chloroform was 
added into the funnel and the mixture was shaken vigorously by a 
shaking machine for 30 min.  After waiting for 5 min to allow the 
phases to separate, the organic phase was transferred into another 
separa ting funnel containing a new 1 00 mL of the TWW sample. 
These steps were repeated ten times to collect and preconcentrate the 
heavy metals in one l i tre in the 50 mL chloroform in a form of 
diethyldithiocarbamate metal ion complex. The 50 mL of chloroform 
was transferred into a flask and 20 mL of a 1 00 mg/ L  Pd(I I) solution was 
added for back extraction. The solution m ix ture was shaken for 30 min 
which was sufficient to complete the back-extraction. The separated 
aqueous phase was adjusted to pH 3.5 and 0.5 mL of 0.5 mol / L  KCI was 
[25] 
added and finally made up to 25 mL with pure water. The solution was 
transferred to the electrochem ical  ce l l  for DPP and ASV -DP 
measurements. These steps are one of the well known recommended 
procedu res for preconcen tration of the heavy metals from the 
environmental water samples (Lee and Lo, 1 994). 
2.3.3. D ifferential pulse polarographic measurements: 
5 mL of the tested solution (synthetic solution mixture containing Zn, 
Cd, Pb and Cu, post-irradiated TWW and preconcentrated TWW 
sample) was p laced in the polarographic cel l .  The sample contains 
0 .025 mol / L  KCI and the pH was adjusted at  3 . 5  (except the pH 
dependency experiment) . Purified nitrogen gas was then purged for 16  
min through the cel l  solution to  remove oxygen. A polarogram was 
then recorded under the fol lowing conditions. 
Starting potential 
Drop time 
Pulse amplitude 
Pulse width 
Scan rate 
(unless otherwise s tated) 
0.0 V or +0.1 V 
1 sec. 
50 mV 
1 7  ms 
2 m V / s or 5 m V / s 
B lank solu tion containing 0.025 mol / L  KCI at  pH 3.5 was always used 
to standardize the polarographic analyzer. The tested post-irradiated or 
the preconcentrated TWW samples were brought in the medium of 
0.025 mol / L  KCI at pH 3.5. 
[26] 
The metals of in terest (Zn, Cd, Pd, Cu) were identified by their 
polarographic reduction potential at -0.98 V for Zn, -0.6 V Cd, -0.4 V Pb 
and -0. 1  V for Cu and quantified by the corresponding differential pulse 
polarographic red uction peak currents. The degree of recovery of Zn 
metal i n  the synthetic solution mixture and the metals content in the 
post-irradiated or the preconcentrated TWW sample were determined 
using the standard addition method. 
2.3.4. Differential pulse anodic stripping voltammetry: 
5 m L  of the tested solution (syn thetic solution mixture containing 
Zn(II), Cd(II), Pb(II) and Cu(ll), post-irradiated TWW or preconcentrated 
TWW samples) was placed in the vol tammetric cell .  Analysis of the 
metal ions content in the above mentioned tested solutions was started 
by electrodeposition of the metals a t  the hanging mercury d rop 
electrode by applying a deposi tion potential of - 1 300 mV vs Ag/ AgCl 
reference electrode for certain time (stated in the text) with stirring. 
Simultaneously, the metal ions were reduced and amalgamated at the 
mercury drop electrode. A fter deposi tion s tep, the solution was 
equilibrated for 1 5  s (no stirring) and the metals were then stripped 
from the mercury electrode surface back into the solu tion. The latter 
process takes place by oxidation of the metals (M(Hg) � .. M2 + + 
2e-) with positive scan of potential .  
Differential pulse anodic stripping voltammetry was employed for the 
measurement of the metals (Zn, Cd, Pb and eu) under the following 
cond i tions: 
[27) 
Stripping potential limit 
Scan rate 
Pulse amplitude 
Pulse period 
Sample wid th 
Stirring rate 
(unless otherwise stated) 
-1 300 to 0 V 
1 0  mV /s 
50 mV /s 
200 ms 
1 7  ms 
20 rpm 
The solution was purged with the ni trogen gas for 1 6  min. to remove 
oxygen, before analysis step. Blank solution containing 0.025 mol / L  
KCI a t  p H  3.5 was always used to standardize the system of analysis. 
The tested solutions were brought in the medium of 0.025 mol / L  KCI 
at pH 3.5 (except the pH dependency experiment) . 
[28] 
2.4. Analysis of the Metal Ions 
The metals of interest (Zn, Cd, Pb and Cu) were identified by their 
stripping potentials at -0.98 V for Zn, -0.6 V for Cd, -0.40 V for Pb and 
-0 . 1  V for Cu and quantified by the corresponding oxidation peak 
currents. The degree of recoveries of the metals from the syn thetic 
solution mixture and the metals content in the post-irradiated or in the 
preconcentra ted TWW sample were determined using standard 
addi tion method . 
The results of the multistep standard addition method (SAM) was 
subjected to the least square refinement using Cricket Graph computer 
programme. The regression coefficient of the fit (r2) for the linear plot 
(DP or DP-ASV peak height vs concentration of the standard solution 
a dded to the investigated sample) was calculated . The calculated 
concentration of the various metal ions in the investigated samples 
( intercep t from the concentration axis of the l inear plot) were 
calculated using the computer plot. 
[29] 
CHAPTER III 
Polarographic and Voltammetric Analysis of a 
Synthetic Solution Mixture Containing 
Zn(II), Cu(II), Pb (II) and C<l(II) 
3 .1 .  Differe ntial Pulse Polarographic and Anodic Stripping 
Volta m m etric Analysis of a Synthetic Solu tion Mixture 
Containing Zn(II), Cu(II), Pb(II) and Cd(II) 
Pol arographic  techni ques a re the most widely electroanalytica l  
techni ques used for  determ in ation of  the heavy metal  ions.  
Differen tial pulse polarography (DPP) is the most sensi tive direct 
pol arographic tech n i que comparing to DC- and normal pulse 
polarography. DPP gains greater sensi tivity for determination by taking 
the advantages of the fact that the mode of the application of the 
potential on the working electrode (DME or static DME) has a much 
greater effect on the analytical signal than on the source of noise such 
as capacitive current (charging current) . A DPP technique based on a 
small potential pulse thus maximizes the signal / noise ratio leading to 
greater sensitivity and consequently lower detection limit. 
The heavy metals content in our investigated samples (AI-Ain and 
Abu-Dhab i  TWW samples) were prel iminar i ly  checked using 
polarographic and vol tammetric techniques . The resul ts reveal that 
the collected samples contain mainly Zn(II), Cu(II),  Pb(II) and Cd(II) a t  
different concentration levels. Also, the results i ndicate that the Zn(II) 
is present at relatively higher concentration range e.g. 2-3xl 0-6 mol / L, 
however the concen tration of the rest metal ions are around l x l 0-7 
mol / L. In order to obtain the optimum operating and solu tion 
conditions for determination of the above mentioned metal ions in the 
col lecte d  TWW samples using polarographic and voltammetric 
techniques, we have to apply both techniques for analysis of a synthetic 
solu tion m i xture containing the four metal  ions. This synthetic 
[30] 
solution mixture should contain concentrations of the four metal ions 
more or less similar to that in the collected TWW samples. This 
applica tion invol ves the selection of the optimum polarographic and 
votammetric conditions should be appl ied to obtain the more sensitive 
and highly resolved reduction or oxidation peaks of the four metals. 
Also, the determination of the four metal ions in the synthetic 
solu tion m ixture at  higher degree of recoveries is  considered . 
Therefore, a syn thetic sol u tion mixture con taining 2.5xl O-6 mol / L  
Zn(I I) ,  2.5xl O-7 mol / L  Cu(I I) and l x l O-7 mol / L  Pb(II)  and Cd(II) was 
prepared and subjected to differential-pulse polarographic and anodic 
stripping voltammetric analysis. 
3.1.1. DPP Analysis of the Synthetic Solution Mixture Containing Zn(II), 
Cu(II), Pb(II) and Cd(II): 
The general OPP behaviour of the synthetic solu tion mixture a t  the 
OME in 0.025 mol / L  KCI at pH 3.5 is represented in Fig. 2. This 
behaviour shows that at potentials of 0.0 V and -0.96 V wel l-defined 
two reduction peaks only were observed which corresponding to the 
cathodic reduction of Cu(I I) and Zn(II), respecti vely. However, very 
small and i l l-defined two reduction peaks are located at -0.39 V and 
-0.59 V were observed. The latter two peaks are the reduction peaks of 
Pb( I I) and Cd( I I), respectively .  These resul ts indicate that at these 
concentration levels, determinations of Zn(IT) and Cu(II) using OPP are 
probably possible, while Pb(II) and Cd (II)  are probably not liable for 
determination a t  such very low concentrations ( l x l 0-7 mol/ L). 
[31 ] 
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Fig. 2. General DPP behaviour of a synthetic solution mixture containing Znan 
[2.5xl0-6], cuero [2.5xl o-7], Pbell) [lxlo-7] and Cd(n) [lxl0-7], at pH 3.5. 
[321 
The DPP polarograms of the synthetic solution mixture were recorded 
in solution with varying pH (2.0-6.0). The pH dependency of Zn(II) and 
eu(II) peaks shows that the sensi tivity (ip, IlA) of the reduction peaks of 
both metal ions is influenced by the pH of the supporting electrolyte 
solution (Fig. 3) .  The well developed and the more sensitive reduction 
peaks for Zn( II) and eu(II) were recorded at the pH range 3-4. 
The dependence of the peak height of the DPP peaks of Zn(II) and 
eu(II) on the drop time, scan rate and pulse amplitude was studied at 
pH 3.5 (Figures 4, 5) .  I t  is found that the Zn(II)  reduction peak is not 
highly infl uenced by the drop time and scan rate. It should be 
mentioned that s lower scan rate (2 or 5 mV Is) is better to be use in DPP. 
The maximum response of Zn( II) and eu(II)  peaks are recorded at 1 00 
mV pulse ampli tude. The most sensitive eu(I I) reduction peak is 
found at 2 m V / s scan rate and 0.5 s drop time. It can be concluded that 
the optimum DPP condi tions for determination of Zn(II)  a t  such 
concentration level are 5 mV /s scan rate, 1 s drop time and 1 00 mV 
pulse amplitude and for eu(II)  determination are 2 mV I s, 0 .5 s and 
1 00 mV. 
U nder the above mentioned optimum conditions a multistep standard 
addition method was appl ied for trace determination of Zn(I I) and 
Cu(I I) in the synthetic solution mixture in order to calculate their 
degree of recoveries. Figures 6 and 7 show the DP polarograms of 
Z n ( I I) a n d  C u ( I I )  a t  var ious concen trat ion levels, respectively.  
Polarogram number ( 1 )  is  for 5 mL of the synthetic mixture in solution 
containing 0.025 M KCI and at pH 3.5, followed by six addition from the 
s tandard solutions ( l x l O-4M) of Zn(II) and Cu(II), respectively. 
[331 
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Fig. 4.  DPP behaviour of 2.5x1 0-6 mol / L  Zn(I I) in the mixture at pH 3.5 on: 
(A) Drop time, 1 )  0.5 and 2) 1 s. 
(B) Scan rate, 1 ) 2 , 2) 5 and 3) 1 0 mY /s. 
(C) Pulse ampli tude, 1 )  25 , 2) 50 and 3) 1 00 mY. 
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Fig. 5 .  opp behaviour of 2.5x l 0-7 mol / L  Cu(II) in the mixture at  pH 3.5 on: 
(A) Drop time, 1 )  0.5 and 2) 1 s. 
(B) Scan rate, 1 )  2 ,  2) 5 and 3) 10  mV /5. 
(C) Pulse amplitude, 1) 25 , 2) 50 and 3) 1 00 mY. 
[36] 
The mul tistep standard addi tion method is extensively used in the 
pol arographic and voltammetric determina tion of organic and 
i norganic species. In this procedure 5 mL of the synthetic solu tion 
mixture of metal ions was transferred to the polarographic cell (the 
mixture was prepared in 0.025 M KCI at pH 3 .5) and the height of the 
reduction peak Op, Il A) of the metal ions was measured under the 
above mentioned optimum condition. Definite volumes of standard 
metal ions solution were added successively and the height of the 
metal ion reduction peak Op, IlA) was measured after each addition. If  
a l inear rela tionship exists be tween the i p , IlA values and the 
concentrations added the following relationships were applied . 
KVxCx 
(ip\ = VT (1)  
KVxCx KVsCs 
(iph = VT 
+ VT (2) 
Where, V x and Cx are volume (5 mL in our case) and the concentration 
of the analyte solution, V s and Cs are the volume and concentration of 
the standard solution . K is the proportionality constant, (ip) and (iP)T 
are the peak height of the metal ion reduction peak obtained from 
5 m L  sample and from the sample plus the added standard solution, 
respecti vel y .  
Equation ( 1 )  and (2) can be combined to  give: 
= 
CsVs 
x -­Vx 
[37) 
(3) 
For multiple step standard addi tion (iph in equation (3) can be plotted 
against Cs· The resulting straight line can be extrapolated to (iph =0.0. 
Substitu ting this relation into equation (3) gives upon rearranging: 
-Cs(Vs)o 
V x  (4) 
Where (Vs)o is the extrapolated volume of standard solution added. 
The standard addition method tends to compensate of the variation 
caused by electro and chemical interferences in the analyte solution. 
The calcula tion of the degree of recoveries for both metal ions Zn(I I) 
and C u ( I I) ,  i n  the synthetic sol u tion mixture are based on ( i)  
applications of equa tion (3) a t  different concentration levels of the 
standard and (ii) from plotting of the Op,IlA) versus the concentrations 
of the standard solution added to the original solution (5 mL of the 
synthetic solution mixture) . 
Fig. 6 represents the DP polarograms of Zn(II) in the synthetic solution 
mixture (curve 1 )  and after adding of increment amounts of standard 
Zn(II) solution (curve 2-7) . The variation of ip, IlA with concentration 
is l inear up to 6.03x1 0-6 mol / L  of Zn(I I ) .  The results are subjected to 
least square refinement and it is found that the correlation coefficient 
(r2) of the linear plot is 0.993 and the intercept from the concentration 
axis is 2 .70x1 0-6 mol / L, therefore the degree of recovery of Zn(II) is 
1 08%.  Table 2 shows the result of analysis of Zn( I l) in its synthetic 
solution mixture in presence of spiked concentration of Zn(II) .  The 
degree of recovery of Zn(II) from the spiked synthetic solution mixture 
is almost 1 00%.  
[38] 
The DP polarograms of Cu(II) in the synthetic solution mixture and in 
presence of i ncrement amounts of s tandard C u ( I I) solut ion are 
presented in Fig. 7. The linear variation of ip, �A vs concentration of 
Cu(II)  in mol / L  is treated by the least square refinement. I t  was found 
that  the regression coefficient (r2) of the l inear plot is 0.997 and the 
intercept is equal to 2 .29xl 0-7 mol / L  indicating that the degree of 
recovery of Cu(I I) is 95.6%. Table 2 summarizes the results of standard 
addi tion method for Cu(I I) determination. The concentration found 
value of the Cu(II) is 2.29xl 0-7 mol / L, the degree of recovery of Cu(II) is 
9 1 .6%.  Table 2 l isted the results of determination of Cu(II)  in the 
mixture and the degree of recovery using spiked synthetic solution 
mixtu re with the standard Cu(II) solution. It was found that the degree 
of recovery in the range of 95.6-99.1 % .  
The results l isted i n  Table 2 support that the selected operational and 
experimental conditions for determination of Zn(II) and Cu(n) using 
DPP technique at the DME are the optimum operating conditions and 
could be used for appl ication of DPP technique for analysis of the 
TWW samples. 
(39] 
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Fig. 6.  [A] Application of SAM for Zn(II)  at  pH 3.5, 1 00 mV pulse ampli tude 
and scan rate 5 mV Is.  
( 1 )  5 ml of SSM , (2) 9 . 09xl 0-7 , (3) 2 .678xl o-6 , (4) 3 .539x l 0-6 , 
(5) 4.38xl0-6 1 .(6) 5.2 1 7x l 0-6 , (7) 6.03xl 0-6 mol / L  Zn(II) .  
[B) Calibration curve of SAM for Zn(I I) detennina tion. 
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[B] Calibration curve of SAM for Cu(IT) determination . 
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Table 2. Resul ts of the appl ica tion of the SAM for Zn( l I )  and Cu(I I )  
determination in the original and spiked synthetic solution mixture 
using DPP technique. 
Metals Concentration of Metals in molll Recovery, % 
Original Spiked Found 
Zn(Il) 2.50xl 0-6 0.00 2.70xl 0-6 1 08% 
2.78xl 0-6 9.09x1 0-7 3.69xl 0-6 1 00.03 
2.67x 1 0-6 5.45x1 0-6 1 00.00 
3.54x1 0-6 6.32x1 0-6 1 00 .00 
Cu(II) 2.50xl 0-7 0.00 2.39x1 0-7 95.60 
9.80x1 0-7 1 .2 1xl0-6 98.40 
1 .94xl 0-6 2. 1 7x l 0-6 99. 1 0  
[42) 
3.2.  Voltammetric determination of Zn(II), Cu(II), Pb (II) and Cd (II) 
in the synthetic solution mixture using DP-ASV at the hanging 
mercury drop electrode 
3.2.1. Theoretical basis: 
A considerable increase in the sensi t ivi ty of polarographic and 
vol tammetric  methods can be obtained by enrichment of the 
substances to be determined prior to the polarographic or vol tammetric 
determination i tself, usually by electrolysis at a stationary working 
electrode. 
The determination process is known as "inverse" because it general ly 
takes place with the current following in the reverse direction to that 
which used for the electrolytic enrichment. In the simplest case, the 
enrichment electrolysis consist of the reduction of a cation to the free 
metal, which may be soluble in a stationary mercury electrode owing to 
amalgam formation. If  the enrichment electrolysis, which may be 
l ikened electrol i ti ca l  extra ction, is carried o u t  under sui table 
conditions, the amalgam will  contains a h igher concentration of the 
element under i nvestiga tion. The concentration of the metal in the 
amalgam depends on the electrolysis condi tions (such as time, 
potential) . The actual vol tammetric determination in accordance with 
one of the usual method can be carried ou t with  the "amalgam 
electrode" thus formed .  Suppose, for example, that we plot the 
current / vol tage curve by the DPP technique in the anodic direction 
(from a negative to a positive voltage), we will  obtain a current peak 
w hose height is a function of the concentration of the metal in the 
[43] 
amalgam and hence of the concen tra tion of the metal ion in the 
original aqueous sample solution . For example: 
Hg 
Cd2+ + 2e -el-e
�
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:::"'
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d-e-ll"- Cd(Hg) 
Cd(Hg) --4) Cd2+ + 2e 
Enrichment 
Inverse vol tammetric 
determination 
If we use the differential pulse technique to record the current/ voltage 
voltammogram the method is called differential pulse-anodic stripping 
voltammetry (DP-ASV) . This is a highly sensi tive analytical method 
for metal ion determination in the ppb concentration range. 
3.2.2 DP-A SV analysis of a synthesis solution m ixture containing Zn(I I) ,  
Cu(II) ,  Pb(II) and Cd(II) at the hanging mercury electrode: 
Anodic  s tr ipping vol tammetry is becoming a well-establ ished 
technique for direct determination of Zn(II), Cu(II), Pb(I I) and Cd(II) in 
environmental wa ter samples. Because of the low concentrations of 
such metal ions in the TWW samples, the DP-ASV has been applied 
first ly for anal ysis of the heavy metal ions in a synthetic solution 
mixture containing 2 .5xl 0-6, 2.5xl 0-7, lxl 0-7 and l xl O-7 mol / L  of Zn(II), 
Cu(II) ,  Pb(I I )  and Cd(II) ,  respectively. The l at ter metal ions were 
detected, w ithin almost similar concentrations in the tested TWW 
samples. The applica tion of DP-ASV for analysis of the synthetic 
solution m ixture help us to optimize the s tandard opera tional and 
experimental conditions must be applied for analysis of heavy metal 
ions in the investigated real TWW samples. 
[44] 
The general DP-ASV behaviour of the syn thetic solu tion mixture 
containing the four metal ions were recorded using hanging mercury 
drop electrode (Fig. 8). Four well resolved anodic oxidation peaks are 
observed at the proper potentials corresponding to the anodic oxidation 
of Zn, Cu, Pb and Cd.  The height of the oxidation peaks of the four 
metal are in proportional to their concentrations in the mixture.  
Fig.  8A shows the voltammogram of the four metal ions in solution at  
pH 3 .5, 60 s preconcen tration time (enrichment time or  electroli tic 
deposit ion time), 1 0  mV /s scan rate and -1 .3  V preconcentration 
potential (potential at which electrolysis of solution was carried out). 
Under these conditions, a very sharp anodic oxidation peak of Zn (-0 .98 
V) is seen w i th scanning the potential to the posit ive direction, 
however, three small peaks are observed at -0. 1 0  V, -0.40 V, -0.6 V, 
corresponding to anodic oxidation of Cu, Pb and Cd, respectively. The 
later three peaks are small due to their relative low concentrations in 
the solu tion. With increasing the pre-concentrations time to 1 20 s and 
at  -0.85 V deposi tion potential the latter three anodic peaks of Cu, Pb 
and Cd are seen as well defined and clearly resolved peaks (Fig. 8B). 
I t  should be mentioned tha t  there are many opera tional  and 
experimental conditions affect the morphology of the vol tammetric 
anodic oxidation peak of the metal as well affect the sensitivity of the 
volt a mmetric determination of the metal  ion in solution. These 
opera ting potential  condi tions are differential  pulse amplitude (�E ,  
m V ) ,  pre-concentration potential  (Es, V )  scan rate (u,m V )  a n d  pre­
concentration time ( ts,s) 
[451 
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Fig. 8.  DP-AS vol tammograms of  syn thetic sol u tion mixture containing 
2.5x 1 0-6 mol / L  Zn(Il),  2 .5x1 0-7 mol /L Cu(Il), 1 x 1 0-7 mol / L  Pb(II) and 
1x1 0-7 mol / L  Cd(ll) . 
[A] Es - 1 .3 V and ts 60 (5) and [B] Es - 0.85 V and ts 1 20 (5). 
[46) 
3.2.2.1. The dependency of the DP-ASV of  the synthetic solution mixture on 
the solution conditions: 
The DP-AS vol tammogram of the syn thetic  sol u tion mixture 
containing the four metal ions is pH dependent. Therefore, the DP­
ASV peaks of four metal ions were recorded in solution of varying pH 
and the effect of pH on the sensi tivity (peak height, IlA) of the anodic 
oxidation peak of the various metal (Zn, Cu, Pb and Cd) is shown in 
Fig. 9 .  The maximum response of the oxidation peaks of the four 
metal ion was found in the pH range 3-4. This resul t is in a good 
agreemen t  with the previously reported resul ts of DP-ASV of the same 
four metal using film mercury at glassy carbon electrode (Lee and Lo. 
1 994) . Therefore, al l  of the subsequent  experiments are carried out at 
3.5-3.6 pH range. 
In the relatively high concentrated supporting electrolyte the charging 
current a ffects the vol tammetric behaviour of the anodic oxidation 
processes of the metals and the signal / noise ratio markedly increases. 
Therefore, the analysis processes were performed i n  supporting 
electrolyte at  pH 3.5-3.6 using diluted universal buffer solution and the 
ionic strength was kept constant by addition of 0.025 mol / L  KCl. 
[47] 
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3.2.2.2. The dependency of  the DP-ASV of  the synthetic solution mixture on 
the operational conditions: 
The DP-ASV behaviour of the four metal was tested at various pulse 
amplitude (25-1 00 mY).  It is found that the well resolved four anodic 
oxidation peaks of the four metal are recorded at  50 mV pulse 
amplitude.  At pulse amplitude of 1 00 m V the charging current 
decreases the signal / noise value, whereas at  pulse amplitude less than 
50 m V f the voltammetric peaks are less sensitive. 
The pre-concentration potential (Es, V) highly affect the shape of the 
voltammetric anodic oxidation peak of the metal. In order to obtain a 
well  resolved sensit ive oxida tion peak, the pre-concentration and 
starting potential should be more negative than the peak potential of 
the anodic peak of the metal by at least 0 .2V.  In al l  subsequent 
investigations and analysis experiments we always use an electrolytic 
potential adjusted at 0 .25-0.35V more negative than the peak potential 
of the anodic oxidation peak of the metal under investigation. 
The pre-concentration time (ts, s) dependency of the anodic oxidation 
peak of the accumulated Zn at mercury electrode is shown in Fig. 1 0. 
The height of the votammogram increases markedly as the electrolytic 
t ime increased and the peak height varied linearly up to 90 s pre­
concentration time. At longer pre-concentration time the peak height 
tends to become constant indicating that the saturation of the mercury 
drop with Zn forming zinc amalgam. Therefore, at least 90 s 
accumulat ion time should be used for Zn(U) determination in the 
synthetic solution mixture as well in the TWW samples. 
[49] 
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The peak height of the anodic oxidation peak of Cu a t  pH 3.5 in the 
synthet ic  solu t ion m i xture i s  varied l inearly w i th the pre­
concentration time up to 300 s (Fig. 1 1 ) .  This behaviour reflects that the 
very low concentration of Cu(II) (2.5x1 0-7 mol / L) needs relatively long 
electrol ytic time to reach the saturation condition of the mercury drop 
with C u  metal . The pre-concentra tion time which gave a sensi tive 
anodic oxidation peak of Cu with reasonable peak height and relatively 
fas t  is chosen for the following subsequent analysis experiments. 
Figure 12 shows the dependency of the vol tammetric anodic oxidation 
peaks of Pb and Cd on the pre-concentration time. The variation of the 
peak height (ip, �A) of the anodic oxidation peaks of both metals is 
iden tical, whereas the peak height varied linearly with the deposi tion 
time up to 1 20 s. At longer deposi tion time the peak-height tends to 
become constant value indicating the saturation of the mercury drop 
with the metal amalgam. Electrolytic time of 1 20 s was used for the 
analysis of Pb(II)  or Cd(II) in the synthetic solution mixture and in the 
TWW samples. 
The effect of scan rate (t) , m V) on the peak heigh t of the anodic 
oxidation peak of the four metals (Zn, Cu, Pb and Cd) are represented 
in Figures 1 3, 1 4  and 1 5. The results indicate that the peak height 
decreases and the peak half-width increases with increasing the scan 
rate up to 20 mV Is.  A slower scan rate ca. 2 mV /s or 5 mV /s was used 
to study the voltammetric behaviour of the anodic oxidation of the 
various metals under investigation and for their trace voltammetric 
analysis. 
[51 ] 
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Fig. 13. Effect of scan rate on the DP-ASV oxidation peak of Zn(II) metal a t  pH 
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[54]  
25 
0.00 
- 0.1. 
( A )  
1 .1 
0 .1 
o .  
Q. 1.  
Q l  
D. IV le m 
( B )  
iii 
• 
v , mV /s 
1 5  1 0  
Fig. 14.  Effect of scan rate on the DP-ASV oxidation peak of eu(II) metal at pH 
3.5. ( 1 )  20 mV /s , (2) 1 0  mV /s , (3) 5 mV Is. 
(55 ) 
( A )  
<D 
( B )  
o a 
� 
• 
Q. 0. 6 
• 
0. � 
o 1 
QOO Es��� __ +-� __ -r __ �� 
1 0 IS 2 0  
- 0.85 O . I V/ e m  
V , mV/s 
Fig. 15 .  Effect  of scan rate on the DP-ASV oxidation peak of [ 1 ]  Pb(lI) and 
[2] Cd(II) metals. 
(1 )  20 mV /s , (2) 10 mV /s , (3) 5 mV Is. 
[56] 
I t  can be concluded that the optimum condi tions for determination of 
Zn(II) ,  CuO!), Pb(II) and Cd(II) in solution using DP-ASV at the hanging 
mercury electrode were found to be: pH 3 .5  in 0.025 mol / L  KCl 
supporting electrolyte and pulse ampli tude of 50 mV and scan rate 2 or 
5 mV / s .  The pre-concen tra tion t ime (90-1 20 s) and potential  
(-1 .3, -0.85V) were adjusted according the nature of the anodic oxidation 
peak of the metal ions. 
Under the selected optimum conditions the standard addi tion method 
(SAM) was applied for the determination of the degree of recoveries of 
the four metal ions in the synthetic solution mixture. 
Fig. 1 6A shows the vol tammograms of the anodic oxidation peak of 
Zn(II) in the synthetic solution mixture and after addi tion of various 
concen tration of s tandard Zn(II) sol ution .  The peak height of the 
voltammogram is varied linearly with the concentration of standard 
Zn(II) solution (Fig. 1 6B).  The results are subjected to the least square 
refinement and i t  is found that the correlation coefficient of the l inear 
plot is 0 .998 and the in tercept is 2 .504x 1 0-7 mol / L, therefore, the 
concentration of Zn(I I) found in the tested solution is 2.504xl 0-7 rnol /L 
and the degree of  recovery is  1 00. 1 6% .  Table (3) summarize the results 
of application of SAM for Zn(II) determination and indicates that the 
degree of recovery is almost 1 00%, the s tandard deviation is 0 . 1 02 and 
the percent error of determination is 0 . 101  % .  
The variation o f  the peak height o f  the anodic oxidation peak o f  Cu(II) 
with the concentration of standard Cu(IT) solu tion is linearly (Fig. 1 7) .  
[57] 
The statistical analysis of the resul ts referred that the correlation 
coefficien t (r2) of the linear plot is 0.965 and the intercept is 2.70x1 0-7 M.  
Therefore, the concentra tion of Cu(II )  found in the synthetic solution 
mixture is 2.70x1 0-7 M and degree of recovery is 1 08%. The results of 
the analysis are given in Table (3), degree of recovery is in the range of 
1 04-1 06% and the percent error of determination is 6.3%.  
The a pplica tion of SAM for Pb( II) determination in  the  synthetic 
solu tion mixture is shown in Fig. 1 8. The linear plot of the peak height 
of the anodic oxidation peak of Pb versus concentration has a 0.995 
regression coefficient and the concentration of Pb(II) was found to be 
1 .057x1 0-7 M .  The degree of recovery of Pb(II) in the synthetic solution 
mixture is 1 05 .70 % .  Also, the resu lts of the analysis of the Pb(II) 
determination are given in Table (3) . 
The results of determination of Cd(II) in the synthetic solution mixture 
using SAM are given in Figure 1 9  and Table 3 .  I t  is found that the 
l inear plot of the peak height dependency of the anodic oxidation peak 
of Cd on the concentration of Cd(II) characterized with 0.987 regression 
coefficient and intercept 9 .7x 1 0-8 M. This result  indica tes that the 
degree of recovery of Cd(II) is 97%. The results of the analysis of the Cd 
determination using SAM are presented in Table (3) . 
[58] 
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Fig. 1 6. [A]  Appl ication o f  SAM for Zn(IT) determina tion under the selected 
optimum conditions. 
( 1 )  5 ml of the SSM , (2) 4 . 1 x 1 0-7 , (3) 1 .06x 1 0-6 , (4) 2 .95x 1 0-6 , 
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[B] Calibration curve plot for Zn(II) determination. 
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Fig. 1 7. [A] Application of SAM for Cu(II) determination under the selected 
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[B) Calibration curve plot for cucm determination. 
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Fig. 19 .  [A] Applica tion of SAM for Cd(II) determination under the selected 
optimum conditions. 
( 1 )  5 ml of the SSM , (2) 8.92xl 0-9 , (3) 1 .769x l 0-8 , (4) 2.630xl 0-8 , 
(5) 3.478xl 0-8 mol /L. 
[B]  Calibration curve plot for Cd (II) determin a tion. 
[62] 
Table 3.  Results of the application of the SAM for Metals determination in the 
original and spiked synthetic solution mixture samples using DP-ASV. 
Metals Concentration of Metals in mollL Recovery, % 
Original Spiked Found 
Zn(II) 2.500x 1 0-6 0.000 2 .504x1 0-6 1 00.16 
1 .060x1 0- 6 3.564x1 0-6 1 00.1 1 
2.950x1 O-6 5.454xl 0-6 1 00.07 
3.870x1 0-6 6.374xl O-6 1 00.06 
Cu(m 2.500xl O-7 0.000 2.700xl O-7 1 08.00 
1 .570xl O-7 4.3 1 8xl o-7 1 06.09 
2.340xl O-7 5.088xlo-7 1 05. 1 2  
3.1 00xl O-7 5.848xl 0-7 1 04.43 
Pb(ll) 1 .000xl o-7 0.000 1 .057xl 0-7 1 05.70 
4 . 166xl0-8 1 .474x 1 0-7 1 04.43 
8.260xl O-8 1 .883x1 0-7 1 03. 1 2  
1 .229x1 0-8 2.286x1 0-7 1 02.55 
Cd(ll) 1 .000x1 0-7 0.000 9.700x1 0-8 97.00 
1 .769x1 0-8 9.893x1 0-8 94.03 
2.630x1 0-8 1 . 1 69xl O-7 92.55 
3.478xl O-8 1 .230xl 0;] 97.30 
(63) 
Table 4 represen ts the results of the analysis of the synthetic sol ution 
mixture in terms of ppm (mg/ L) of the metals. It can be concluded that the 
degree of recoveries of the four metal ions from their synthetic solution 
mixture are in the range 97-106%. This results indicate that the selected 
optimum conditions of the used DP-ASV technique for determination of 
Zn(ll), Cu(II), Pb(ll) and Cd(ll) in the synthetic solution mixture are very 
good conditions at such low concentrations levels and could be used for 
heavy metal ions determinations in the TWW samples. 
[64) 
Table 4 .  Results of the DP-ASV analysis of the synthetic solution mixture using 
the SAM. 
Metals Concentration of Metals in mglL Recovery, % 
mgIL (ppm) 
Original Found 
Zinc 0.1635 0. 1638 1 00.18 
Copper 0.0159 0.0170 1 06.92 
Lead 0.0207 0.0219 1 05.80 
Cadmium 0.01 1 2  0.0109 97.32 
(65) 
CHAPTER IV 
Heavy Metals Analysis in the AI-A in and 
Abu-Dhabi Treated Wastewater Samples 
4.1. Intro d uction 
Zakher and El-Mafraq sewage treatment plants are situated about 
25-30 kIn away from Al-Ain and Abu-Dhabi cities, respectively. Zakher 
station has been designed to treat a flow of 54000 m3 / day, dry weather 
flow (DWF), however EI-Mafraq station has a capacity of the work to treat 
a flow of more than 1 00 thousands m3 / day (DWF). The main pumping 
station are situated about 4-5 km up the treatment works. Sewage is 
received from several smaller pumping stations and to some extent 
gravity flow from the city is fed first to the wet wells, having air extraction 
system with ozonation before emission to the atmosphere. Sewage from 
the well is pumped into pumping mains and is injected with oxygen and 
passes to the treatment works. A diagram showing sewage treatment 
stages at Zakher plant is represented in Fig. 20 and the sewage treatment 
stages are summarized as follows: 
1. Screening: To remove large solids and rags which are not bio­
degradable. Such solids if passed through the plant may cause 
physical problems later in the treatment process. 
2. Grit removal: to remove 95% of gri t  stones which could result in 
blockages and abrasive wear on machinery and pipe works. 
3. Aeration tanks: The incoming sewage, having been "seeded" with 
active organisms is passed through tanks equipped with surface 
aerators designed to provide atmospheric oxygen for the process and 
[66] 
to ensure adequate mixing so as to maintain the sewage particles and 
organisms in suspension. 
4. Settling tanks: After the aeration process the activated sludge is 
allowed to settle, leaving an effluent containing less than 30 PPM of 
suspended solids. 
5. Return activated sludge: Some of this sludge from the setting tanks is 
returned to be mixed with incoming sewage to the aeration tanks, in 
order to seed active organisms into the process. 
6. Effluent filtration: Sand-bed filters remove a large percentage of the 
remaining suspended solids from the settlement effluent. Air scouring 
and backwash of the fil ters is used, when necessary, for cleaning, the 
backwash water being returned to the inlet of the works and mixed 
with incoming sewage. 
7. Chlorination: Chlorine gas is injected into the final effluent for the 
p urpose of disinfiction before the effl uent  is pumped to the 
distribution network around AI-Ain, a residual chlorine content of 1 
PPM is the desired final concentration. 
(67) 
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4.2. DPP and ASV analysis of Zn(II), Cu(II), Pb(I1) and Cd(II) in Al­
Ain treated wastewater sample (I) 
S tripping volta mmetry has been widely used to measure the low 
concentra tion of metal ions in na tural waters as no preconcentration 
step is required.  Organic substances are known to interfere with 
vol t a m metric  analysis .  To decompose t hese organic substances, 
decomposition methods, such as heating with acids and oxidizing with 
bisulfate ions are inconvenient because the levels of contaminating 
metals in the reagen ts are usually high and its difficul t  to carry out 
these procedures.  Decomposi tion with UV irradiation by a high 
pressure mercury vapour lamp (H-Hg) is frequently used (Yokoi and 
others, 1 995) . However, the H-Hg lamp tends to get hot and water 
samples are lost by boiling. The H-Hg lamp is relatively ineffective for 
the decomposition of aroma tic compounds in part due to side reaction 
such as oxidation of cr to ocr which rapidly remove the dissolved 
oxygen which is required for the oxidation of the organic matter. The 
low pressure (L-Hg) is known to have a line spectrum with rela tively 
higher fraction a t  254 nm than the H-Hg and make effective 
decomposition can be expected (Yokoi and others, 1995) . 
The pH of the TWW sample was adjusted a t  p H  3.5 and the ionic 
strength was kept constant by addi tion of solid KCI to give 0.025 M KCl .  
I n  order to  eliminate the interfering effect of  the organic compounds 
w hich could be possibly present in the TWW, the samples under 
i nvestigation were subjected to the UV i rradiation for 6-8 hours using 
L-Hg lamp.  It should be mentioned that 6, 7 and 8 hours post 
irradiation time gives the same DPP response. 
[69] 
4.2.1. Direct anal ysis of the UV-irradiated AI-Ain TWW sample (I) using 
DPP: 
5 ml of the irradiated sample was analyzed using DPP technique and a 
typical d ifferential pulse polarogram is presented in Fig. 2 1 .  The 
polarogram exhibits only one cathodic reduction peak located at  -0.98 
V .  This peak is probably corresponding to the reduction of Zn(ll) to 
Zn(Hg). This result was confirmed by spiking the sample solution with 
2.5xl 0-6 mol / L  of standard Zn( I I) solu tion, it  is found that the DPP peak 
of Zn(I I )  is a lmost  duplicated within the same potential l imits. I t  
worthy to  mention that the concentra tions levels of  Cu(II),  Pb( I I) and 
Cd(II),  which could be present in TWW are too low to detect by DPP. 
The DPP behaviour of the cathodic reduction peak of Zn(I I) ,  in the 
s a m p l e  u n d e r  i n vest igat ion is fu l l y  s tu d ied under  v a rious 
i nstrumental parameters. The peak height is highly affected by the 
pulse amplitu de and the scan rate, whereas no marked effect is seen for 
the peak potential (Figs. 22) . The most sensitive peak is recorded at 1 00 
mV pulse ampli tude and 2 mV Is scan rate, however the peak height a t  
1 s and 0 .5  s drop time is very close (Fig. 22) . 
U nder the above-mentioned instrumental parameters, which give the 
most sensitive DPP peak of Zn(I I), a multistep SAM was applied for 
determination of Zn(II)  concentration level in  AI-Ain TWW sample 
(I). Over 4.97xl 0-8 to 2 .55xl 0-6 mol / L  concentration range of standard 
Zn(n) solu tion added to the investigated sample (Fig. 23A), the peak 
height is v aried l inearly with Zn(II)  concentra tion (Fig. 23B) . The 
linear plot has a regression coefficient (r2) of 0.995 and the intercept 
[70] 
from the concentration axis 1 .776x1 0-6 mol / L. This result indicates that 
the concentration of Zn(ll) in the Al-Ain WTW sample (1) is 1 .776x1 0-6 
mol / L. The results of the application of the SAM for Zn(I I) analysis of 
this sample are summarized in Tables 5 and 6. The results indicate that 
the concentration found in the investigated sample is 0. 1 161  mg/L and 
the degree of recovery of Zn(I I )  in the investigated sample is in the 
range of a 93.2-1 01 .2%. 
[71 ] 
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Fig. 2 1 . (A) DPP behaviou r  of the post-irradiated AI-Ain sample (I) and 
(B) Solution (A) spiked with 2.Sxl 0-6 mol / L  standard Zn(II) solution. 
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Fig. 23. (A) Application of SAM for Zn(II)  determina tion in Al-Ain sample (I) 
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l74] 
Tables 5 .  Results of applications of the SAM for Zn(ll) d etermination in Al-Ain 
post-irradiated TWW sample (I) Using DPP. 
Concentration range Calculated concentration Calculated concentration 
mollL mollL mgIL 
4.980 x 1 0-8  - 2.55 x 1 0� 1 .776 x 1 0� 0. 1 1 61 
Tables 6. A pplication of the SAM for calculation of the degree of recovery of Zn(II) 
concentration in AI-Ain TWW sample (I) .  
Concentration, mollL Recovery % 
Calculated Spiked Found 
1 .776 x 1 0� 1 .447 x 1 0-7 1 .860 X 1 0� 96.875 
6.378 x 1 0-7 2.250 X 1 0� 93.245 
1 . 1 23 x 1 0� 2.9 1 0  x 1 0� 1 00.379 
1 .604 x 1 0� 3.420 x 1 0� 1 01 .1 83 
[75)  
4.2.2 Direct Analysis of the UV-I rradiated AI-A in TWW Sample (I) Using 
ASV: 
Interference of organic compounds on the anodic stripping voltammetric 
determ i nation of heavy metals in water matrix were eliminated 
successfull y by ca. 6-8 hours irradiation with the low pressure mercury 
lamp. The irradiation process is a very good pre-treatment step to 
eliminate the humic acid and organic interference with the voltammetric 
determination of the heavy metals in natural and various water resources. 
The decomposition of the organic compounds using L-Hg lamp can be 
carried out without added oxidizing agent and at room temperature, thus 
eliminating loss of water samples by evaporation at higher temperature 
(Yokoi and others, 1 995) . 
The differential pulse anodic stripping voltammetric behaviour of the pre­
i rradia ted TWW sample at pH 3.5 in 0.025 M KCI is shown in Figs. 24A 
and 24 B. At preconcentration time (electrolysis time) 30 s and at - 1 .3 V 
electrolysis potential followed by positive scan of potential the DP-AS 
voltammogram shows a very high and well developed peak at ca -1 .0  V 
followed by two small peaks at -0.42 V and -0. 1 25 V (Fig. 24A). However, 
at longer electrolysis time ca 300-420 s, the latter two peaks appeared as 
well defined peaks and a new peak is obtained at ca -0.6 V (Fig. 24B). 
According to the previous reported results, the peaks located at -1 .0 V, -0.6 
V, -0.42 and at -0. 1 25 V are corresponding to the anodic oxidation of the 
metal amalgam of the Zn, Cd, Pb and Cu metal respectively. These results 
indicate that the sample under investigation contains Zn, Cd, Pb and Cu 
[76] 
heavy metals a t  concentration level could be detected using DP-ASV 
technique at the HMDE. 
In order to optimize the proper conditions for Zn(II) determination, the 
first peak at -1 .0 V (Zn oxidation peak) was investigated using different 
electrolysis time and scan rate (Figs. 25A and B) . The peak height 
increases with increasing the electrolysis time up to 150 s and at longer 
pre-concentration time the peak height tends to become constant. The 
peak height dependence of the anodic oxidation peak of Zn on the scan 
rate shows that the most sensi tive oxidation peak of Zn was found at  
5 m V / s scan rate (Fig. 25B). 
The sample (I) of AI-Ain TWW was analyzed by application of DP-ASV, 
using SAM, under the selected optimum conditions. 5 mL of the post 
i rradiated sample under investigation at pH 3.5 in presence of 0.025 M 
KCI, -1 .3 V preconcentration potential, 150 s electrolysis time and 5 mV /s 
scan rate. The peak height of the anodic oxidation peak of Zn increases 
with the increment additions of standard Zn(II) solution (Figs. 26A, B). 
The height is varied l inearly with standard Zn(II) solution added and the 
regression coefficient of the linear plot is 0.999. The intercept of the 
straight l ine from the concentration axis is found to be 1 .776xl 0-6 M 
indicating that the concentration of Zn(II) in the AI-Ain TWW sample (I) is 
1 . 706x l 0-6 M. This value is very close to the value obtained from the 
application of the DPP technique for determination of Zn{II) in the same 
sample. The resul ts of the SAM for Zn(II) determination are given in 
Tables 7 and 8. 
[77J 
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Fig_ 24. DP-ASV behaviour of Al-Ain sample (I). (A) Es :: -1 .3 V and ts = 30 5 and 
(B) Es = -1 .2 and ts = 300 s ( 1 ), 360 s (2) and 420 s (3). 
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Fig. 25. (A) Dependence of Zn peak on t s  1 )  0.0 I 2) 30 , 3) 60 , 4) 90 I 5) 1 20 and 
6) 1 50 s. 
(B) Dependence of Zn peak on the scan rate.  1) 5 I 2) 1 0  and 3) 20 mV /5. 
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Fig . 26. Application of the SAM for Zn(II) determination i n  AI-Ain sample (I) 
using ASV .  1 )  0 .00 , 2) 9.9x1 0-8 , 3) 2 .9x1 o-7  , 4) 5.66x1 0-7 and 
5) 9.09x1 0-7 mol/ L  Zn(II). 
[80] 
The effect of preconcentra tion time and the scan rate on the voltammetric 
behaviour of the latter three peaks at -0.6 V (Cd peak), -0.42 (Pb peak) and 
-0 . 1 25 V (Cu peak) were studied. It was found that the most sensitive 
peaks for the three metals are obtained at 1 50 s pre-concentration time and 
5 mV / s  scan rate ( Fig. 27) at the proper preconcentration potential ca. 
-0.85 V.  
The m ul tistep SAM was applied for Cu(I I )  determination in the 
investigated sample under the selected optimum operational conditions 
( 1 5 0  s preconcen tra tion time, 5 m V  / s  scan rate and -0.85 V 
preconcentration potential) . Fig. 28 shows the peak height of the anodic 
oxidation peak of Cu increases gradually with the increment amounts of 
Cu(ll) added. The variation of the peak height with the concentration of 
s t a n d a rd a d de d  is l i n e a r  over the concen t r a t ion range of 
9.90xl 0-8 - 4.76x1Q-7 mol / L  and the regression coefficient of the linear plot 
is 0.995. The calculated concentration of Cu(II)  in the sample under 
investigation is 2.80 x 1 0-7 mol/ L. The results of Cu(II) determination are 
given in Tables 6 and 7. 
The SAM was also applied for determination of Cd(II) and Pb(I I) in the 
tested sample ( Figs. 29, 30). The variation of the ASV peak height with 
concentration of each metal ion is linear and the r2 values equal  0.997 and 
0.991 for Cd(I1) and Pb( II )  respectively. The concentration of the Cd(ll) 
and Pb(I1) in the investigated sample were found to be 1 .08x l 0-7 mol /L 
and 1 .1 5xl 0-7 mol / L, respectively (Table 7). The results of the analysis of 
both metal ions in AI-Ain post-irradiated sample (1) are presented in 
Tables 7 and 8. 
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Fig. 27. Dependence of the Cu, Pb and Cd peaks on: 
(A) ts 1 )  0 .0 , 2) 30 , 3) 60 , 4) 90 , 5) 1 20 , 6) 1 50 and 7) 1 80 s. 
(B) scan rate, 1) 5 , 2) 10 and 3) 20 mV /5. 
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Fig. 28. Application o f  SAM for Cu(I I) determination i n  AI-Ain sample (I) using 
ASV. 1 )  0 .00 , 2) 9.9x1 0-8, 3) 1 .96xl O-7 , 4) 2 .90x 1 o-7, 5) 3.85x1 0-7 and 
6) 4.76x1 0-7 mol / L  Cu(II) . 
183 )  
0.55 
0.. 0.5 
E 
t'I3 v 0.45 0 I-< U 
. -
E 0.4 .. 
� 
..c: 
bI) 
'@ 0.35 :r: 
� t'I3 (l) 0.3 0... 
0.25 
, O . I V / C rY}  0 .00 
.!.-_.L.....--..J.--..l.--..l.---'---..l---'-----' 
- 0 ·9 
Concentration, mol / L  
Fig. 29 . Application of SAM for Pb(lI)  de
termination i n  AI-Ain sample (1) using 
ASV. 1 )  0 .0 , 2) 1 .98x1 0-8, 3) 3.9x1 0-8 
, 4) 5 .8xl O-8 , 5) 7.69xl O-8 and 
6) 1 .1 3xl O-7 mol / L  Pb(II) .  
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Fig. 30. Application o f  SAM for Cd(II) determination i n  AI-
Ain sample (I) using 
ASV. 1 )  0 .00 , 2) 4.67x1 0-8, 3) 9 .266x1 0-9 , 4) 1 .38x1 (J8 , 
5) 1 .82x1 0-8 and 
6) 2.25x1 0-8 mol / L  CdOI) . 
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Table 7. Resul ts of applica tion of SAM for Zn( II),  Cu(II) ,  Pb(II) and Cd(l I) 
determinations in  AI-Ain post-irradiated TWW sample (I) using DP-ASV. 
Metal Concentration range Calculated concentration Calculated concentration 
mol/L mol/L mgIL 
Zn 9.90 X 1 0-8 - 3 X 1 0-6 1 .706 X 10-6 0.1 155 
Cu 9.90 X 1 0-8 - 4.7 X 1 0-7 2.800 X 1 0-7 0.0178 
Pb 1 .98 X 1 0-8 - 1 . 13  X 1 0-7 1 . 150 X 10-7 0.0238 
Cd 4.6 X 1 0-9 - 2.2 X 1 0-7 1 .080 x 10-7 0.01 25 
Table 8. Degree of recoveries of the various metal ions concentration in the Al­
Ain WTW sample (I) using SAM calculations. 
Metal Calculated concentration Spiked concentration Found concentration Recovery % 
mol/L mol/L mol/L 
Zn 1 .706 X 1 0-6 2.900 x 1 0-7 2.059 x 1 0-7 103.15 
5.660 x 1 0-7 2.310 x 1 0-7 101 .67 
9.090 X 10-7 2.675 x 10-7 102.29 
Cu 2.800 X 1 0-7 9.900 X 10-8 3.720 x 1 0-7 98.15  
1 .960 X 1 0-7 4.810 x 1 0-7 1 01 .05 
2.912 X 1 0-7 5.610 X 1 0-7 98.25 
Pb 1 . 1 50 x 1 0-7 3.920 X 1 0-8 1 .540 X 1 0-7 99.87 
5.820 X 1 0-8 1 .750 X 1 0-7 101 .04 
7.69 X 1 0-8 2.000 x 1 0-7 104.22 
Cd 1 .080 X 1 0-7 0.926 X 10-8 1 . 1 1 0 X 1 0-7 94.63 
1 .81 X 1 0-8 1 .205 X 10-7 95.56 
2.52 X 1 0-8 1 .275 X 1 0-7 95.72 
[86] 
4.3. Preconcentration of Trace Metals in the AI-Ain WTW Sample(I) 
for D ifferential Pulse Polarographi c  and Anodic Stripping 
Voltammetric Analysis 
The two s tep ex tract ion proced ure involving ex traction and 
enrichment of heavy metal  ions in organic phase as dithiocarbanate 
complexes followed by back extraction step using Hg2+ was previously 
described to be an efficacous preconcentration technique for enriching 
trace metals in water matrix with simultaneous elimination of large 
amoun ts of matrix species (Lee and Lo, 1994) . 
In the present study a two step preconcentration method for enriching 
trace metals from wastewater samples prior to the DP-ASV analysis 
was used.  The pre concentra tion procedure serves the dual purposes of 
removing major matrix material and of increasing the concentration of 
the trace metals  for final  DP-ASV measurements.  The method 
involved solvent extraction for enriching trace metals in wastewater by 
dithiocarbamate - chloroform solution ( l oa pp dithiocarbamate) with 
subsequent  back extract ion using Pd(I I) ( 1 00 ppm) as the back extracting 
agent a t  p H  3 .5 .  The formation constant of Pd( I I)- dithiocarbamate 
complex is much higher than that the most of the other metal­
dithiocarbamates. The substi tution of Pd(II) for metals of interest in 
the form of di thiocarbamate complex in the extracted solution was 
extremely fast. The efficiency of recovery was very high by the two step 
preconcentration procedure for a number of metals including Zn, Cu, 
Pb and Cd in the was tewater samples. The preconcentrated step was 
followed by determination of the concentration level of Zn(I I) Cu(II),  
Pb(II)  and Cd(IIO using DPP and DP-ASV techniques. 
[87] 
The fol lowing reactions represen t the mechanism of the two-step 
extraction technique: 
C2HS S 
" � 
N -C 
C2HS/ " 5- Na+ 
Org. 
2+ + M aq 
b 
M2+ = Zn(II), Pb(II), Cu(II) and Cd(II) 
Org. 
2+ 
+ Pd aq 
Back-extraction step 
Org. 
+ 
+ 2Na aq .  
Org. 
2+ + M aq 
Lee and Lo reported that the pH 3 .5, 1 00 ppm of di thiocarbamate and 
1 00 ppm of Pd( I I) are the optimum condi tion for the two step pre­
concentra tion method for enriching Zn(I I) ,  Cu( I I) ,  Pb(I I) and Cd(I I) 
from the water matrix (Lee and Lo, 1 994). 
The preconcentrated samples were subjected to the DPP and DP-ASV 
analysis a t  the dropping mercury electrode and the hanging mercury 
[88] 
drop electrode, respectively. The conditions of analysis are the same as 
the condi tions used for analysis of the post i rradiated samples using 
UV Low-mercury lamp i.e. pH 3.5 in presence of 0.025 M KCl. 
4.3.1. Analysis of the Pre-concentrated Samples of  AI-Ain TWW Sample (I) 
Using DPP: 
A typical differential pulse polarogram of the pre-concentrated sample 
at pH 3.5 is presented in Fig. 3 1 .  Four well developed and separated DP 
peaks are located at potential -0.00 V, -0.25 V, -0.62 V and -0.90 V. 
These peaks are probably corresponding to the cathodic reduction peaks 
of Cu(I I), Pb(I I), Cd(I I) and Zn( I I) respectively. This behaviour was 
confirmed by addi tion to the solution under investigation a synthetic 
solution mixture containing 2 .5x10-6 M Zn(I I), 2.5x 1 0-7 M Cu(I I) and 
1 x 1 0-7 M of Cd(II)  and Pb( I I) .  It was found that the four peaks are 
almost duplicated in height at the same potential limits. Moreover, 
the spiking experiment confirms that  the first two peaks at less 
negative potential corresponding to the reduction of Cu(II) .  This result 
indica tes that the reduction process of Cu(IT) to Cu (Hg) proceeds via 
separately two one electron steps. The la tter three peaks corresponding 
to the cathodic reduction of Pb(I T), Cd(II) and Zn(II), respectively. 
The DPP behaviour of Zn( I I) peak at various experimental parameters 
was examined (Fig. 32) . Pulse amplitude 1 00 mV, drop time 1 s and 
scan rate 2 mV /s are the optimum conditions to give a more sensitive 
cathodic reduction peak of Zn(II) .  Under this conditions the SAM was 
applied for Zn(II) determination in the investigated pre-concentrated 
sample using standard Zn(II) solution (Fig. 33A). The variation of the 
[89] 
peak height with the concentration of Zn(II) standard solution is linear 
(Fig. 33B) with regression coefficient r2 equals 0.999. It is found that the 
concen tration of Zn(II) in the Al-Ain TWW sample (I) is 1 .630x1 0-6 M .  
The results of the applications o f  the SAM for Zn(II) determination by 
using DPP are given in Tables 9 and 1 0. 
I t  should be noted that the response of the differential pulse cathodic 
reduction peaks of Cu(!I), Pb(II) and Cd(II) were observed only under 
very sensi tive conditions, e.g. 0.02 IlA / cm. Under this conditions the 
peaks of reduction are highly affected by the experimental conditions. 
Therefore, the analytical determination of the other metal ions did not 
give reproducible analytical results. 
[90] 
Fig. 3 1 .  DPP behaviour of Al-Ain preconcentrated sample (D . 
0)  and (2) sample (1) at 50 and 100 mV, (3) and (4) sample (1) spiked with 
the synthetic solution mixture at 50 and 100 mV. 
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Fig. 32. Dependence of the DPP Zn(TI) in AI-Ain preconcentrated sample (D on: 
A) pulse amplitude (1) 25 ,  (2) 50 and (3) 1 00 mY. 
B) drop time ( 1 )  1 and (2) 0.5 sec. 
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Fig. 33. Application 6f SAM for Zn(ll) detennination i n  AI-Ain pre-concentrated sample (I) using DPP. 1 )  0.0, 2) 9.9x1 0-8, 3) 1 .96x1 o-7 , 4) 2.91 x 1 o-7, 5) 3.85xl D-7 and 6) 4.76xl O-7 mol/L Zn(ll) . 
[931 
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Table 9 .  Results o f  applica tion o f  the SAM for Zn( I I) determina tion in Al-Ain 
preconcentrated TWW sample (1) using OPP. 
Concen tration range Calculated concentration Calculated concentration 
m ollL m ollL mglL 
9.90x1 0-8-4.76xl O-7 1 .630 x 1 0-6 0. 1 076 
Table 1 0. Application of the SAM for calculation of the degree of recovery of 
Zn( II)  concentration in Al-Ain preconcentrated TWW sample (I) . 
Concentration, moUL 
Calul ated Spiked Found Recovery % 
1 .630 x 1 0-6 1 .96 x 1 0-7 1 .72 x 1 0-6 93.99 
3.85 x 1 0-7 2.01 x 1 0-6 99.30 
4.76 x 1 0-7 2.20 x 1 0-6 1 04.46 
[94 \ 
4.3.2. Analysis of the Preconcentrated Samples of  AI-Ain TWW sample (I) 
Using DP-ASV: 
Fig. 34 shows DP-AS vol tammetric behaviour of the metals content in 
the pre-concentrated AI-Ain TWW sample (1) at pH 3.5 in the presence 
of 0 .025 M KCl . The first oxidation peak at more negative potential 
value (-0.98 V) is the anodic oxidation peak of Zn and is very high 
rel ative to the other four oxidation peaks reflecting the relative high 
concentration of Zn(II) in the sample. The anodic oxidation peak of Pb 
(-0.4 V) is relatively small compared to Zn, Cu and Cd peaks. The 
anodic oxidation peak of eu under certain conditions (e.g. slow scan 
rate) appears as two consecutive peaks reflecting the two one electron 
steps for the oxidation processes. It should be mentioned that the same 
behaviour was observed during the cathodic reduction of Cu(II) at the 
DME using DPP. 
The peak height  dependency of the anodic oxidation peaks of the 
various metals at  the different experimental conditions was tested. I t  
was found that  90 s deposi tion time o f  the metals a t  the mercury 
electrode surface is enough time to obtain sensitive peaks. Also, slow 
scan rate e.g. 5 mV /s is the optimum scan rate for subsequent analytical 
determination experiments. 
The application of the SAM for the determination of the various 
metals (Zn, Cu, Pb, and Cd) in the pre-concentrated AI-Ain TWW 
sample (I)  are represented in Figs. 35-38. A typical l inear plots are 
obtained from plotting of the peak height of anodic oxidation peak of 
each metal versus the concentration of the standard solution added to 
[95] 
the sample. Tables 1 1  and 1 2  summarize the results of application of 
SAM for trace determination of Zn(I I) ,  Cu( l I) ,  Pb(I I) and Cd ( I I) in the 
preconcen trated AI-Ain TWW sample ( I ) .  The resul ts of analysis 
indicate that the concentration levels of the metal ions are in good 
agreements with the results obtained from the other methods. 
l%] 
Cd Pb eu 
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DP-ASV behaviour of the AI-Ain preconcentrated sample (I) . 
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Fig. 35. Application of SAM for Zn(II) determination i n  Al-Ain preconcentrated 
sample (I) using ASV. 1 )  0.0 , 2) 9.9x1 0-7, 3) 1 .96x 1 0-6 , 4) 4.76x1 0-6, 
5) 6.54x 1 0-6 mol / L  Zn(II). 
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Fig. 36. Application of SAM for Cu(II) determination in AI-Ain preconcentrated 
sample (I) using ASV. 1) 0.0 , 2) 9 .9xl 0-8, 3) 2.9 1 x l 0-7 , 4) 4 .76xl O-7, 
and 5) 6.54x l o-7 mol /L Cu(II) .  
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Fig. 37. Application o f  SAM for Pb(II) determination in Al-Ain preconcentrated 
sample (I) using ASV. 1 )  0.00 , 2) 4.95x10-8, 3) 9.Bx1Q-8 , 4) 1 .46x1Q-7, and 
5) 1 .92x1 0-7 mol /L Pb(II). 
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Fig. 38. Application o f  SAM for Cd (II) determination i n  AI-Ain preconcentrated 
sample (I) using ASV. 1 )  0 .00 , 2) 1 .96x 1 0-8, 3) S.66xl 0-8 , 4) 9.09xl (J8, 
5) 1 .23x l o-7 and 6) 1 .94xl 0-7 mol / L  Cd(II). 
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Table 1 1 .  Results of appl ication of SAM for Zn(ll), Cu(II), Pb( ll) and ed(II) 
determina tion in AI-Ain preconcentrated TWW sample (1) using 
DP-ASV. 
Metal Concentration range Calculated Calculated 
concentration concentration 
mollL mollL mgIL 
Zn 9.9 x 1 0-7 - 4.76 x 1 0-6 1 .54 x 1 0-6 0. 1 01 3  
C u  9.9 x 1 0-8 - 4.76 x 1 0-7 2.35 x 1 0-7 0.0150 
Pb 4.95 x 1 0-8 - 1 .93 x 1 0-7 1 .22 x 1 0-7 0.0253 
Cd 1 .96 x 1 0-8 - 1 .94 x 1 0-7 9.79 x 1 0-8 0.01 1 6  
[ 1 02] 
Table 1 2. Degree of recoveries of various metal ions concentration in AI-Ain 
preconcentrated TWW sample ( I) using SAM calculations. 
Metal Calculated Spiked Found Recovery 
concentration concentration concentration 
moUL mollL moUL (%)  
Zn 1 .54 x 1 0-6 9.90 x 1 0-7 2.47 x 1 0-6 97.7 
1 .96 x 1 0-6 3 .59 x 1 0-6 1 02.5 
4.76 x 1 0-6 6.64 x 1 0-6 1 05.4 
eu 2.35 x 1 0-7 9.90 x 1 0-8 3.31 x 1 0-7 99.1  
2 .91 x 1 0-7 5.39 x 1 0-7 1 02.4 
4.76 x 1 0-7 7.54 x 1 0-7 1 06.0 
Pb 1 .22 x 1 0-7 4.95 x 1 0-8 1 .70 x 1 0-7 99.2 
9 .80 x 1 0-8 2.20 x 1 0-7 1 00.0 
1 .46 X 1 0-7 2.70 X 1 0-7 1 00.8 
Cd 9.79 x 1 0-8 1 .96 x 1 0-8 1 . 1 0  x 1 0-7 93.9 
5.66 x 1 0-8 1 .52 x 1 0-7 98.2 
9 .09 x 1 0-8 1 .84 x 1 0-7 97.3 
[ 1 03] 
4.4. ASV Analysis of the Post-Irradiated Sample (II) of AI-Ain 
TWW 
As we mentioned before, the irradiation process is a very good treatment 
step to el iminate the organic  compound interferences with the 
vol tommetric determination of heavy metal ions in the investigated 
samples. The irradiation process was carried out using L-Hg UV Lamp 
for ca. 6 hours at room temperature. Before the irradiation process the pH 
of the sample was adjusted at pH 3.5 and the ionic s trength was kept 
constant by adding sol id KCI (0.025 mol / L  KCI). 
The DP-ASV behaviour of the post-irradiated AI-Ain sample (II) at pH 3.5 
and 0.025 mol / L  KCI is represented in Fig. 39. Three DP-ASV peaks were 
observed a t  - 1 .0 V, -0.4 V and -0. 1 5  V. The first peak (-1 .0 V) is the anodic 
oxida tion peak of Zn and the second one is the anodic oxidation peak of 
Pb. The third one is i l l-defined and probably corresponding to the 
oxidation of Cu .  A fourth peak was observed at -0.6 V which probably 
corresponding to oxida tion of Cd, however the appearance of the Cd 
oxidation peak needs rela tively long deposition time ca 1 80 s (Fig. 39B) . 
The effect of the opera tional parameters on the response were carefully 
examined. The condit ions which give a most sensi tive oxidation peak 
were selected as an optimum conditions for analytica l  determination of 
the various metal ions. 
[ 104) 
Zn, Pb and Cd oxida tion peaks are well resolved peaks and a mul tistep 
SAM was applied on each peak, using standard solution of each metal ion, 
for metal ions determinations. The results of metal ions (Zn, Pb and Cd) 
determination using SAM are summarized in Figs. 40-42 and Tables 1 3  
a n d  1 4. However, the i l l-defined oxidation peak of C u  was n o t  give a 
reproducible analytical results .  
[ 1 05 \  
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Fig. 39. DP-ASV behaviour of the Al-Ain post-irradiated sample (II) .  
(A) Es = -1 .3 V and ts = 30 sec. 
(B) Es = -0.85 V and ts = 1 80 sec. 
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Fig. 40. Application of SAM for Zn(ll) determination in Al-Ain post-irradiated 
sample ( I I) using ASV. 1 )  0.00 , 2) 9.9x10-7, 3) 1 .96x1 0-6 , 4) 2.91x10-6, 
5) 3 .85x1 0-6 and 6) 4 .76x1 0-6 mol/ L  Zn(TI) .  
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Fig. 4 1 .  Application of SAM for Pb(II) determination i n  Al-Ain post-irradiated 
sample (II) using ASV. 1 )  0.00 , 2) 4.95x 1 0-8, 3) 9.8x1 0-8 , 4) 1 .46xlO-7, 
5) 1 .92x 1 0-7 mo1!L Pb(II). 
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Fig.  42. Application of SAM for ed(II) detennination in Al-Ain post-irradiated 
sample (II) using ASV. 1 )  0.00 , 2) 9.9xl 0-9, 3) 1 .96x10-B , 4) 2.91 xl 0-B, 
5) 3.85xl 0-B I 6) 4.76xl 0-8 and 7) 5.66x10-8 mol / L  Cd(II) . 
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Table 13 .  Resul ts of applica tion of SAM for Zn(I I),  Pb(I I )  and ed(I I) 
Metal 
Z n  
Pb 
Cd 
determinations in AI-Ain post-irradiated TWW sample ( l l )  using 
DP-ASV . 
Concentration range Calculated Calculated 
concentration concentration 
mollL mollL mgIL 
9.8 x 1 0-7 - 4.72 x 1 0-6 1 .61 x 1 0-6 0.1 053 
4.95 x 1 0-8 - 4.72 x 1 0-7 9.48 x 1 0-8 0.0200 
1 x 1 0-8 - 5.66 x 1 0-8 1 .80 x 1 0-8 0.0029 
[ 1 10] 
Table 1 4. Degree of recoveries of various metal ions concentration in Al-Ain 
TW  sample (IO using SAM calculations. 
Metal Calculated Spiked Found Recovery 
concentration concentration concentration 
moUL mollL mollL (%)  
Zn 1 .61 x 1 0-6 9.80 x 10-7 2.50 x 1 0-6 96.5 
1 .94 x 1 0-6 3.58 x 1 0-6 1 01 . 1  
2.88 x 1 0-6 4.88 x 1 0-6 1 08.7 
Pb 9.48 x 1 0-8 4.95 x 1 0-8 1 .36 x 1 0-7 94.6 
9.80 x 1 0-8 1 .89 x 1 0-7 98.3 
1 .92 x 1 0-7 2.90 x 1 0-7 1 01 .2 
Cd 1 .80 x 1 0_8 1 .00 x 1 0-8 2.97 x 1 0-8 1 06.2 
2.91 x 1 0-8 4.88 x 1 0-8 1 03.6 
4.76 x 1 0-8 6.89 x 1 0-8 1 05.1  
[ 1 1 1 1  
4.5. DPP and ASV Analysis of the Post-Irradiated Abu-Dhabi 
TWW Sample (1) 
Trace determination of heavy metals (Zn, Cu, Cd and Pb) in Abu-Dhabi 
sample ( I )  was carried ou t on the post-irradiated samples with low 
mercury pressure UV lamp using OPP and ASV at the mercury electrode. 
It is found that some of these metals concentration are high enough to 
d e tect using OPP and a l l  me tals can be determined freely  after 
preconcentration at the surface of the HMDE followed by ASV technique. 
The determina tion was carried out at pH 3.5 in presence of 0 .025 mol /L 
under the selected optimum conditions of determination of metal ions 
using both techniques . 
4.5.1. D PP analysis of the post-irradiated Abu-Dhabi TWW sample (I): 
5 ml of the post-irradiated Abu-Dhabi TWW sample was analyzed using 
OPP a t  the OME. The general behaviour is represented in Fig. 43 and i ts 
characterized by a well defined OPP reduction peak of Zn(II)  at  -0.96 V 
and ill-defined peak at  O .OV which is possibly reduction peak of Cu(II).  At 
the potentia ls corresponding to the reduction potential of Cd(ll) and Pb(ll) 
a t  -0 .6  V and -0.4 V very small  two h umps indicat ing that  the 
concentra tion level of both metals is too small to detect using DPP 
technique. 
Fig. 44 shows the dependence of the cathodic reduction peaks of Zn(II) on 
the drop time scan rate and p ulse ampli tude. It was found tha t  drop time 
[ 1 12 ] 
1 sec, 2 m V / s scan rate and 1 00 m V pulse ampli tude are the optimum 
condi tions for Zn. 
Under the optimum condi tions for determination of Zn metals, the DPP 
peak of Zn(II )  was subjected to standard addi t ion procedures for 
determination of Zn(II) in the investigated sample (Fig. 45) . The results of 
application of SAM for Zn(Il) determination are represented in Tables 1 5  
and 1 6. The concen tration level o f  Zn(II) i n  Abu-Dhabi TWW sample (I) is 
very close to the Zn(II) determination in Al-Ain TWW samples. It should 
be mentioned that many trials were made for Cu(I1) determination and the 
resul ts of analysis were not reproducible. 
1 1 1 3) 
Table 1 5: Results of application of SAM for Zn(II) determination in Abu­
Dhabi TWW sample (0 using DPP. 
Concentration range Calculated concentration 
molfl 
molll mollL 
4.97 x 1 0-7 - 3.38 x 1 0-6 2 .40 x 1 0-6 0.1 570 
Table 1 6: Application of the SAM for calculation the degree of mercury of 
Zn(II) concen tration in Abu-Dhabi 1WW sample (0. 
Concentration, mollL 
Recovery % 
Calculated Spiked Found 
2.40 x 1 0-6 4.97 x 1 0-7 2.90 x 1 0-6 1 00.2 
9.90 x 1 0-7 3.36 x 1 0-6 99. 1 
1 .48 x 1 0-6 3.94 x 1 0-6 1 0 1 .6 
( 1 14 ) 
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Fig. 43. General DPP behaviour of Abu-Dhabi sample CO .  
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Fig. 44. Dependence of DPP peak of Zn(II) in Abu-Dhabi sample (1) on: 
A) drop time 1 )  0. 5 and 2) 1 .0 sec. 
B) scan rate 1 )  1 0, 2) 5 and 3) 2 mV /5. 
C) pulse amplitude 1) 25 , 2) 50 and 3) 1 00 mV Is. 
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Fig. 45. Application of SAM for Zn(II) determination i n  Abu-Dhabi sample (I) 
using OPP. 1) 0.00 , 2) 4.98x10-7, 3) 9.9x1 o-7 , 4) 1 .48x1 0-7, 5) 1 .96x 1 0-6 6) 
2.44x1 0-6, 7) 2.90x1 0-6 and 3.38x1 Q-6  mol / L  Zn(II) .  
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4.5.2. ASV analys is of the post-irradiated Abu-Dhabi TWW sample (I): 
5 ml of the post-irradiated solution of the Abu-Dhabi TWW sample (I) 
at pH 3.5 and in presence of 0.025 mol / L  KCI was subjected to DP-ASV 
at the HMDE. At 90 s preconcentration time, an anodic oxidation peak 
is clearly observed at -1 .0 V, however, small two humps were observed 
at potentials of -0.42 V and -0. 1 5  V which corresponding to the anodic 
oxidation of Pb and Cu (Fig. 46A) . At longer preconcentration time 
(600 s) the latter two humps appeared as well defined peaks and a small 
peaks for anodic oxidation of Cd was observed at -0.6 V (Fig. 46B). This 
resul ts indicate that the determination of the four metals using DP­
ASV is possible. 
In order to select the optimum condi tions for determina tion of the 
four metals (Zn, Cu, Pb and Cd) the dependence of the anodic oxidation 
peak of each metal in the operational conditions was examined and 
the results are represented in Fig. 47. 
Tables 1 7  and 1 8  summarize the results of analytical determination of 
the four metals (Zn, Cu, Pb and Cd) in the investigated sample using 
the SAM .  Also, the degree o f  recoveries o f  the four  metals were 
ca lcu l a te d  for the spiked i n vestiga ted samples w i th v a rious 
concentration of metal ions. The degree of recoveries for the four 
metals are represented in Table 1 8  and are in the acceptable range (95-
1 07%) .  I t  should be referring that the concentration level of the four 
meta ls  i n  Abu-Dhabi TWW sample ( I )  are very close to the 
concentration levels of the some four metals in AI-Ain TWW samples. 
[ 1 18] 
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Fig. 46. General DP-ASV behaviour of Abu-Dhabi sample Q) . ' 
A) Es = -1 .35 I ts = 60 s. 
B) Es = -1 .35 I ts = 600 s. 
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Fig. 47. A) Dependence of the Cd, Pb and Cu oxidation peaks of Abu-Dhabi 
sample cn on the scan rate 1 )  5 , 2) 1 0  and 3) 20 mV Is.  
B) Dependence of the oxidation peak on the deposition time. 
1 )  0.0 I 2) 30 I 3) 60 , 4) 90 I 5) 1 20 and 6) 180 s. 
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Table 1 7: Resul ts of application of SAM for Zn(II), Cu(II),  Pb(II)  and Cd(II) 
determination in Abu-Dhabi TWW sample (I) using DP-ASV. 
Metal Concentration range Calculated concentration 
mollL moUL 
Zn 9.90 x 1 0-8 - 6.45 x 1 0-7 2 . 13  x 1 0-6 0.1 393 
Cu 9.90 x 1 0-8 - 3.85 x 1 0-7 2.31 x 1 0-7 0.0146 
Pb 4.76 x 1 0-8 - 1 .40 x 1 0-7 9.41 x 1 0-8 0.0195 
Cd 9.90 x 1 0-9 - 3 .85 x 1 0-8 1 .63 x 1 0-8 0.0018 
[ 1 21 ) 
Table 18 :  Degree of  recoveries of the various metal ions concentration in Abu­
Dhabi TWW sample (1) using SAM. 
Concentration, moUL 
Metal Recovery % 
Calculated Spiked Found 
Zn 2. 13 x 1 0-6 2.91 x 1 0-7 2.38 x 1 0-6 98.3 
5.66 x 1 0-7 2.69 x 1 0-6 99.6 
6.45 x 1 0-7 2.72 x 1 0-6 98. 1  
eu 2.31 x 1 0-7 9.90 x 1 0-8 3. 1 3 x l 0-7 94.8 
1 .96 x 1 0-7 4.23 x 1 0-7 99. 1  
2.91 x 1 0-7 5.71 x 1 0-7 1 03.6 
Pb 9.41 x 1 0-8 4.76 x 1 0-8 1 .43 x 1 0-7 1 00.8 
9.93 x 1 0-8 2.06 x 1 0-7 1 06.5 
1 .40 x 1 0-7 2.41 x 1 0-7 1 03.1  
Cd 1 .63 x 1 0-8 9.90 x 1 0-9 2.69 x 1 0-8 1 02.7 
1 .96 x 1 0-8 3.85 x 1 0-8 1 07.3 
2.91 x 1 0-8 4.78 x 1 0-8 1 05.3 
[ 1 22) 
4.6.  A S V  Analysis of the Post-Irra d iated Ab u-Dhabi TWW 
Sample (II)  
The general DP-ASV behaviour (Fig. 48A) of Abu Dhabi TWW sample(ll) 
a t  the H M D E  shows two anodic oxidation peak at potentials  
corresponding to the oxidation potential of Zn and Pb (-0.99 V and -0.4 V). 
With increasing the preconcentration time of metals and the sensitivity of 
measurements addi tional two il l-defined peaks were observed a t  
potentials -0.6 V and -0. 1  V (Fig. 48B). The latter two ill-defined peaks 
corresponding to the oxidation of Cd and Cu, respectively. 
The dependency of the morphology of the four peaks and their heights on 
the various operational parameters are examined. The conditions which 
give the more sensitive and defined peaks are selected as optimum 
conditions for the determination of Zn, Cu, Pb and Cd in the investigated 
sample using DP-ASV technique. 
A multi -step SAM was applied for detennination the metals content of the 
sample u nder inves tigation at the selected optimum condi tions. The 
results of determination of the concentration of the metal ions in Abu­
Dhabi Sample ( I I) are summarized in Table 1 9. The investigated sample 
was spiked with a standard solution of various metal ions and the degree 
of recoveries of the different metal ions in the sample under investigation 
are listed in Table 20. The results confirm that the selected method for 
determination is satisfactory and the concentration level of the various 
metal ions are in the range of Abu-Dhabi sample ( 1) and a lso of Al-Ain 
samples. 
( 1 23 ) 
A 
I1.DO 
- 0 · 15 
Fig. 48.  General DP-ASV of Abu-Dhabi sample ( II). 
A) Es = - 1 . 1  V , is = 60 s. 
B) Es = -0.85 V , is = 180 s. 
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Table 1 9: Resul ts of application of SAM for Zn(II), Cu(ll), Pb(II )  and Cd(II) 
determination in Abu-Dhabi TWW sample (II) using DP-ASV. 
Metal Concentration range Calculated concentration 
mollL mglL 
Zn 4.88 x 1 0-7 - 2.39 x 1 0� 2.41 x 1 0� 0. 1 567 
Cu 9 .85 x 1 0-8 - 3.83 x 1 0-7 3.99 x 1 0-7 0.0253 
Pb 2.46 x 1 0-8 - 1 .68 x 1 0-7 9.94 x 1 0-8 0.0206 
Cd 4.98 x 1 0-9 - 2.44 x 1 0� 7.70 x 1 0-8 0.0087 
( 1 25)  
Table 20: Degree of recoveries of the various metal ions concentration in Abu­
Dhabi TWW sample (II) using SAM. 
Concentration, molfL 
Metal Recovery % 
Calculated Spiked Found 
Zn 2.41 x 1 0-6 4.88 x 1 0-7 2.83 x 1 0-6 97.6 
1 .45 x 1 0-6 3.87 x 1 0-6 1 00.3 
2.39 x 1 0-6 4.76 x 1 0-6 99. 1  
eu 3.99 x 1 0-7 9.85 x 1 0-8 4.64 x 1 0-7 93.2 
1 .95 x 1 0-7 5.86 x 1 0-7 98.7 
3.83 x 1 0-7 7.73 x 1 0-6 98.9 
Pb 9.94 x 1 0-8 2.46 x 1 0-8 1 .25 x 1 0-7 1 0 1 . 0  
9.76 x 1 0-8 1 .98 x 1 0-7 1 00.5 
1 .68 x 1 0-7 2.80 x 1 0-7 1 04.6 
Cd 7.70 x 1 0-8 4.98 x 1 0-9 8.52 x 1 0-8 1 03.9 
1 .48 x 1 0-8 9.37 x 1 0-8 1 02.2 
2.44 x 1 0-8 1 .03 x 1 0-7 1 01 .2 
[ 1 26) 
CHAPTER V 
Conclusion 
5. Conclusion 
Wastewater reuse has a positive and negative environmental impacts and 
possibly it can has an important role to play in water resources management, 
as a substituent for freshwater in irrigation. However, the presence of the 
toxic heavy metals in domestic sewage and in industrial effluents discharge to 
sewers, wastewater can create unacceptable health and environmental risks. 
Therefore, the present work is devoted to determine the concentration level 
of some toxic heavy metals in the same treated wastewater samples collected 
from Abu-Dhabi area using polarographic and voltammetric techniques . 
Differential  pulse polarography and anodic stripping voltammetry are well 
established techniques for trace determination of heavy metals con tent of 
environmental water samples. 
In order to standardize the methods of analysis (DPP and DP-ASV) for Zn, Cu, 
Pb and Cd determination in the col lected TWW samples, the methods were 
applied firstly on a synthetic solution mixture containing the above metals a t  
ion concentration level 2 .5xl 0-6 M Zn(I I), 2 .5xl0-7 M Cu(II), l x l 0-7 M Pb(I I) 
and l xl 0-7 M Cd(II» . Zn(II) only was determined using DPP whereas the all 
metal ions were analyzed using DP-ASV with accepted degree of recoveries 
(97- 1 06%).  
Table 21  shows the resul ts of Zn(II), Cu(II), Pb( I I) and Cd (II) determination in 
two samples of  TWW collected from the main sources of AI-Ain and Abu­
D h abi  TWW p l a n ts using D P-ASV . The resul ts i n dicate t h a t  the 
concentration of each metal ion in AI-Ain and Abu-Dhabi samples is very 
close. The concentration levels of some metal ions in Abu-Dhabi samples are 
[ 1 27] 
slightly higher than that in AI-Ain. This result could be explained by the 
main source of sewage in both treated wastewater plants at Abu-Dhabi and 
AI-Ain ci ties is mainly  domestic sewage with slightly contribu tion of 
industrial sewage at Abu-Dhabi. 
The relative higher concentration of Zn ions in the all investigated samples 
may be due to the following factors: (i) The higher tendency of Zn metal to 
dissolu tion in aqueous media comparing to other metals, (ii) Most of the food 
cans are probably made from alloy contains relatively higher percentage of Zn 
metal, (i i i)  The s tructural network of the pipes transfer the sewage to the 
plant of treatment are Zn alloy made and finally, (iv) Most of the food plants 
contain a higher concen tration of Zn (WHO, 1 995) . 
According to the standards of FAO / UN, the standards of the heavy metals 
concentrations in the water  of irrigat ion are 2 .0, 0 .2, 0 .05 and 0.005 ppm 
(mg/ L) for Zn, Cu, Pb and Cd, respectively (Gunson, H.G.,  1 996) . The results 
l is ted in Table 21 indicate that the Cd metal shows a concentration level 
above the FAO / UN standards. However, from the chemical pollution point 
of view, we concluded that the preconcentration and accumulation of these 
metal ions in soil and plant  tissue with time leads to unacceptable use of the 
TWW as a water of i rrigation. In some places, such as in Abu-Dhabi, the 
TWW is s ti l l  being used for the irrigation of ornamen tal plants.  I t  is 
emphasized that  the guidel ine values recommended for the various 
mentioned heavy metal ions are not manda tory limits. Such limi ts should 
be set by national authori ties using a risk-benefi t approach and taking into 
consideration local environmental, social, economic and cul tural condi tions 
(WHO, 1 995). 
[ 128] 
Table 21 : Results of Zn(I I), Cu(II), Pb(ll) and Cd( I I) determina tion in Al-Ain and 
Abu-Dhabi TWW samples using DP-ASV. 
Sample Metal ion Concentration MglL 
Al-Ain Zn 0.1 155 
Sample ( I) Cu 0.0178 
Pb 0.0238 
Cd 0.01 25 
AI-Ain Zn 0. 1 050 
Sample (ll) Cu 0.0183 
Pb 0.0201 
. Cd 0.0030 
Abu-Dhabi Zn 0. 1 01 0  
Sample (1) Cu 0.01 50 
Pb 0.0250 
Cd 0.01 1 1  
Abu-Dhabi Zn 0.1567 
Sample (ll) Cu 0.0253 
Pb 0.0206 
Cd 0.0087 
[1 29] 
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